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FOREWORD 


This  study  has  been  conducted  under  project- task  number 
7908  for  the  Air  Force  Office  of  Scientific  Research,  Colonel 
Charjes  R.  Foster  AFRST-SB  monitoring.  The  study  was  conducted 
between  1  July  1966  and  30  September  1966  and  the  final  report 
submitted  on  October  12,  1966. 

The  authors  express’y  want  to  thank  Mr.  H ,  W.  Carlson  of 
NASA  Langley  Research  Center  for  the  waveforms  and  advice 
supplied  in  support  of  the  study. 

Publication  of  this  report  does  not  constitute  Air  Force 
approval  of  the  report's  findings  or  conclusions.  It  is  pub¬ 
lished  only  for  the  exchange  and  stimulation  of  ideas. 


ABSTRACT 


This  study  investigates  the  difference  between  near-field  and 
far-field  sonic,  boom  intensities.  To  do  so,  it  defines  a  new 
intensity  standard,  effective  static  load  which  depends  on 
load  waveform  as  well  as  magnitude.  Many  sonic  boom  loading 
waveforms  are  computed  for  19  structural  elements  various 
types  produced  by  two  SST  designs  as  well  as  F-104,  B - 5 8  and 
XB-70  aircraft.  It  is  concluded  that  near-field  booms  are  less 
intense  than  far-field  booms,  the  magnitude  of  the  difference 
depending  on  the  character  of  the  waveform.  The  more  the  wave¬ 
form  is  distorted  from  a  symetrical  far-field  (N-wave)  wave 
shape,  the  lower  the  near-field  intensity.  It  is  recommended 
that  further  theoretical  study  be  made  in  order  to  quantify 
results  and  isolate  the  influence  r  specific  parameters  on 
boom  intensity. 
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I  SUMMARY,  CONCLUSIONS  AND  RECOMMENDATIONS 


A .  Summary : 

The  supersonic  transports  of  the  future  will  be  so  big  that 
the  sonic  boom  produced  during  the  acceleration  phase  of  their 
flight  will  have  a  near-field  character.  Boom  waves  ir  the 
near-field  differ  from  those  in  the  far-field  (N-wave)  in  that 
they  possess  secondary  shocks  and  have  qreater  positive  than 
negative  impulse.  With  the  advent  of  a  more  refined  theory 

tO  pred  i  r  +  ^  hn  V'M  ■>  n  ^  *r>  s  fs  ys  4  +>  *  •  A  r  1  ~  ^  q  £  WOT!  3S 

the  far-field,  the  question  is  asked  about  their  combined  effect 
on  structural  intensity.  Investigators  have  recorded  the  be¬ 
havior  of  structures  to  far-field  and  near-field  boom  waves  from 
small  aircraft,  buc  no  clear-cut  analysis  of  effects  has  been 
made.  Further,  no  intensity  studies  have  been  made  for  the 
predicted  SST  boom  waves.  This  study  attempts  to  answer  some 
questions  about  the  effect  of  boom  waveform  intensity.  It  is 
theoretical  in  nature  and  is  intended  to  supplement  and  comple¬ 
ment  near  and  far-field  boom  data  gathered  and  analyzed  during 
the  Edwards  Experiment  being  conducted  by  the  U.S.A.F.  Spe¬ 
cifically,  the  study  compares  the  intensities  of  near-field 
and  far-field  booms  from  various  SST  configurations  predicted 
from  the  more  exact  (near-field)  theory  and  the  less  exact 
(far-field)  theories. 

The  definition  of  intensity  is  also  modified  and  refined  from 
the  current  measure  of  peak  overpressure  to  a  new  measure,  trie 
effective  static  lead  produced  by  a  boom  on  the  element  in 
question.  To  compute  the  new  intensity,  however,  loading  wave¬ 
forms  must  be  derived.  This  study  computes  these  based  on 
available  tneory  and  empirical  results  from  blasting  research 
and  empirical  results  from  sonic  boom  experiments.  It  then 
applies  the  net  loads  to  19  structural  elements  of  various 
kinds.  Known  perturbations  of  the  free- field  waveforms  are 
also  introduced  into  the  computer  programs  prior  to  loading 
waveform  fabrication  to  simulate  nature  as  closely  as  v-  ,  s  i  - 
ble.  Finally,  near-field  intensities,  as  newly  defied,  are 
compared  with  far-field  intensities. 

B.  Conclusions: 

The  following  conclusions  are  based  on  theoretical  results 
and  are  subject  to  the  limitations  of  the  theory  discussed  in 
the  text. 


I 


1 


1  .  Near-field  intensities  in  general  are  lower  than  f  a  r  - 
field  intensities.  They  are  lower  than  those  predicted 
by  the  peak  overpressure  criterion.  Several  factors 
com  hire  to  produce  the  differences: 

a.  near-field,  free-field  overpressures  arc  lower  than 
those  predicted  by  the  far-field  theory, 

b.  the  near-field  loading  a  v  e  s  have  lower  maximum 
loads  than  the  far-field  waves,  and 

c.  the  dynamic  amplification  factors  are  slightly 
lower  . 

In  general,  the  larger  the  variation  in  waveform  appear¬ 
ance  between  near-and  far-field  theory,  the  lower  the 
near-field  intensity. 

2.  No  significant  differences  of  coefficient  of  variation 
between  near-  and  far-field  intensities  are  noted. 

3.  The  coefficient  of  variation  of  intensity  is  lower  than 
that  for  maximum  free-field  overpressure. 

4.  Racking  intensities  decrease  slightly  with  increasing 
size  and  speed  ot  airplane. 

5.  Plate  intensities  increase  slightly  with  increasing 
size  and  speed  of  airplane. 

Reco  m  me_r,  J  a  t  o  n  s  : 

1.  The  wave  fabrication  technique  described  herein  has 
definite  limitations  and  should  be  refined  by  further 
empirical  studies  of  data  combines  with  element  model 
building  theories. 

2.  .More  elements  should  be  theoretically  tested  and  tne 
results  categorized  with  building  size,  element 
height,  etc. 

3.  Weighting  factors  for  the  various  structural  ele m e n t 
categories  should  be  derived  which  describe  a  cross 
section  of  the  characteristics  of  buildings  through¬ 
out  the  country.  using  these,  a  general  intensity 
scale  can  be  computed  from  theory. 

4 .  More  analyses  of  the  data  in  A p p e n d i x  B  c a n  t e  c o n - 
ducted.  For  example,  height  of  glass  above  the  ground 


affects  intensity  to  some  degree.  This  has  not  yet 
been  thoroughly  studied. 

Further  analysis  of  loading  and  response  plots,  ex¬ 
amples  of  which  are  shewn  in  Appendix  A,  are  neces¬ 
sary  to  expose  the  influence  of  parameters  in  govern¬ 
ing  intensity. 


II  INTRODUCTION 


A.  General  : 

As  the  various  concepts  for  a  supersonic  transport  design  and 
flic,  . t  profile  become  finalized,  and  with  the  advent  of  new 
theories  for  predicting  the  free- field  sonic  boom  character, 
it  becomes  apparent  that  a  more  satisfactory  means  for  judging 
sonic  boom  intensity  must  be  developed.  As  used  herein,  "in¬ 
tensity"  pertains  to  the  effect  of  boom  on  structural  response. 

Of  particular  interest  is  the  comparison  of  intensity  under 
near-field  and  far-field  sonic  boom  waveform  conditions. 

Until  recently,  it  was  commonly  thought  that  the  SST  boom  would 
be  of  the  far-field,  symetric  N-wave  variety.  It  is  not.  The 
acceleration  portion  of  the  flight  profile  will  produce  pro¬ 
nounced  near-field  boom  waves  and,  indeed,  in  cruise,  the  wave¬ 
form  will  be  an  unsvmetric  N-wave  with  the  positive  impulse 
being  greater  *^an  the  negative,  is  there  a  difference  in  pre¬ 
dicted  boom  intensity  as  there  is  in  predicted  boom  signature? 

The  study  attempts  to  answer  this  question. 

B .  Prediction  of  f. he  Free- Field  Boom  and  Boom  Intensity  : 

Theories  for  predicting  the  free-Tield  boom  waveform  have  been 
refined  over  t  a  vs'rs.  To  a  first  approximation,  the  boom 
strength  might  be  predicted  simply  from  knowledge  of  the  shock 
energy  generated  by  an  aircraft  and  the  geometric  divergence 
(1/R  or  1  /  R  "i" ,  where  p  is  the  distance  from  airplane  to  observer). 
In  this  case,  only  an  estimate  of  the  peak  overpressure  and  no 
knowledge  of  the  was iform  is  obtained.  To  a  second  approxi¬ 
mation,  the  free-field  waveform  and  peak  overpressure  is  pre¬ 
dicted  by  the  far-field  theory  (1)*.  In  this  case,  the  waveform 
takes  the  shape  of  the  letter  N .  In  field  observations  (  2  ,  3) 
and  in  wind  tunnel  tests  (4,  5,  6),  it  has  been  observed  that 
when  the  observer  is  relatively  close  to  the  aircraft,  the  N 
approximation  is  riot  v  lid.  Rather,  a  series  of  spikes  distort 
the  N  shape.  It  has  also  been  noted  that  the  peak  overpressure 
in  a  near-field  boom  wave  is  lower  than  that  which  would  be 
predicted  with  the  far-field  theory  (7,  8).  Is  there  a  corre¬ 
sponding  decrease  in  intensity? 


^Numbers  in  parentheses  refer  to  a  reference  in  the  bibliography. 
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The  P ( e f f )  or  effective  static  load  criterion  is  proposed  as  a 
second  approximation  for  measuring  intensity  in  structures  under 
active  sunic  boom  loads.  This  is  defined  as  the  equivalent 
static  load  applied  to  a  structural  system  under  active  shock 
pad.  Knowledge  of  both  the  load  magnitude  and  character  as  well 
as  the  response  of  the  equivalent  element  in  question  is  needed 
to  predict  intensity  thus  defined. 

C  .  0  b  j  e  c  t  i  v  e  o  f_  I  n  v  e  s  t  i  g  a  t  i  o  n  : 

This  study  will  compare  the  structural  int  nsity  of  theoretically 
predicted  near-field  and  far-field  sonic  booms  from  representa¬ 
tive  supersonic  transports  supplied  by  NASA*.  It  will  use  the 
P(eff)  criterion  t.o  do  so.  The  SST  intensities  computed  also 
will  be  compared  with  those  generated  by  smaller  F-104  (10), 

B-5B  and  XB-70  (11)  aircraft. 


*The  waveforms  were  supplied  by  Mr.  H.  W.  Carlson  of  NASA, 
Langley  Research  Center. 
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Ill  THEORETICAL  APPROACH 


A .  Ra  ti onal e : 

The  basic  approach  taken  in  this  study  was  to  fabricate  fairly- 
detailed  near-field  and  far-field  loadina  waveforms.  Then, 
using  these  waveforms,  the  response  of  relatively  simple  models 
of  structural  elements  was  computed.  For  comparison  purposes, 
however,  more  than  one  value  of  response  was  computed  for  each 
element  subjected  to  each  waveform.  The  free-field  conditions 
we~e  perturbed  by  known  amounts  prior  to  calculating  response 
in  order  to  represent  nature  as  closely  as  possible.  Mean 
values  of  response  are  then  compared. 

Previous  theoretical  studies  have  used  either  relatively  simple 
far-field,  free-field  waveforms  applied  to  both  simple  and 
fairly  detailed  models  of  structural  elements  (12,  13,  14,  15) 
or  simple  far-field,  loading  waveforms  applied  to  simple  models 
(16),  None  of  the  previous  studies,  however,  are  able  to 
differentiate  between  the  relative  structural  response  to  near¬ 
field  and  far-field  waveforms. 

The  selection  of  the  structural  element  models  was  based  on  a 
compromise  between  realism  and  the  true  model  which  is  largely 
unknown.  After  careful  study,  it  was  decided  to  use  a  single- 
degree-of-f reedom  approximation  for  all  structural  elements. 

While  it  would  have  been  desirable  to  use  mul ti pi e-degree-of- 
freedom  models,  the  time,  cost  of  solution  and  unknown  degree 
of  resolution  did  not  seem  warranted. 

The  results  from  a  s i ngl e-degree-of-f reedom  model  is  not  as 
bad  as  it  might  seem.  First,  elements  with  both  high  and  low 
frequency  first  modes  are  considered  in  the  study.  Comparison 
of  these  cases  will  indicate  any  differences  between  near-field 
and  far-field  waveforms  with  regard  to  frequency  effects. 

Second,  the  energy  in  a  given  mode  is  inversely  related  to  the 
mode  number  (1,  2,  3,  4)  and  directly  related  to  energy  in 
the  waveform  at  the  appropriate  frequency.  These  effects  combine 
so  that  most  of  the  energy  is  confined  to  a  single  mode  (usually 
the  first  mode)  of  the  elements.  Cheng  (14)  has  shown  that 
higher  modes  participate  little  in  complex  elements  under  free- 
field  waveforms. 

B  •  Analy  sis  of  _t  Re  s_p  o_n  s  _e_of__L  i  ne  a  r_,  T  i  me  -  Invariant  Sy  s  t  ems 

Analysis  of  the  transient  response  of  linear,  time-invariant 
systems  can  be  carried  out  either  in  the  frequency  domain  using 


the  transfer  function  concept  or  in  the  time  domain  using 
either  the  weighting  function  and  the  Duhamel  integral  or  by 
directly  integrating  the  differential  equations.  Both  methods 
give  exact  answers  but,  depending  on  the  form  of  the  input 
data,  one  is  usually  simpler  computationally  than  the  other. 

The  connection  between  the  two  is  as  shown  below.  Let  the 
response  of  the  system  X  ( t ),  due  to  a  pressure  time  history 
p(t),  be  given  by  the  expression: 

t 

X  ( t )  =  /  W  ( t  -  t  )  p  (  t  )  d  i  ,  ( 1  ) 

o 

where  W ( t ~  t )  is  the  weighting  function  (  impulse  response)  of 
the  system  which  is  described  by  the  differential  equation, 

X  +  Z^n  X  +  e,n2X  =  K  p(t),  (2) 

where  u.  is  tne  natural  circular  frequency  of  the  system  and 
K  is  a  constant.  Equation  (1)  can  be  expressed  in  the  frequency 
domain  in  terms  of  the  transfer  function  by  taking  the  Fourier 
transform  of  both  sides.  The  result  is: 


X  (j.)  =  /  dte  ’J*tX(t), 

-  on 

t 


/  dte  "  J  U1  /  diW(t-i)p(i), 


G  ( j  w )  p  (  j  u  ) , 


(3) 


whe;~e  u>  is  the  forcing  frequency.  For  the  system  described  by 
Equation  (2)  it  follows  that. 


W  ( t  -  i  ) 


n  \| 


e  “  1-1 'l'n  t  s  i  n  1  - 


(4) 


G  (  j  .■  ) 


(j  ->)2  +  ^  h  .  n  (  j  (o  )  +  un 
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It  is  clear  from  Equation  (2)  that  if  p  ( j  w ) ,  which  is  the  spec¬ 
trum  of  the  pressure  wave  p(t),  is  known,  then  the  spectrum 
of  X(t)  is  simply  found  by  multiplication.  However,  to  find 
X(t),  the  inverse  transform  of  X(jw)  must  be  calculated  using 
the  equation, 

oo 

X(t)  "  ^  1  doje  (5) 

—  CD 

Because  of  the  difficulty  of  this  calculation  and  the  calcu¬ 
lation  of  p(ju)  according  to  Equation  (3),  it  is  usually 
preferable  to  use  Equation  (1)  to  compute  X ( t )  or  to  ingegrate 
Equation  (2)  directly.  The  former  was  done. 

Generally  speaking,  Equation  (3)  is  used  only  when  the  system 
response  is  easily  interpreted  in  the  frequency  domain  such 
as  is  the  case  in  terms  of  energy  considerations.  For  example, 
if  one  wants  to  find  the  integral  of  X?(t)  one  has» 

CO  oo 

/  dt  X2  ( t )  -  /  d  u)  |X(ju>)  I2 

“  00  -  oo 

=  /  dw  i  G(  ju.)  I  2  'P(jco)i2  (6) 


0 

by  Parseval's  identity.  In  this  case,  |  G ( j  7  has  the  inter¬ 
pretation  of  energy  response  of  the  system  to  inputs  at;  fre¬ 
quency  oi.  Equation  (6)  is  analogous  tg  the  equation  used  in 
random  vibration  wo r ^  in  which  jP(ju’)7  is  replaced  by  the 
spectral  density  of  the  output.  Equation  (6)  cannot  be  use' 
to  find  the  peak  of  X  ( t )  because  the  pha'_n  of  G  (  j  .. )  and  P  ( j ) 
has  been  lost  in  the  process. 

C.  Choice  of  Free-Field  Perturbations: 


Experimental  results  have  shown  that  the  coefficient  of  varia¬ 
tion  of  peak  free-fiold  overpr‘  ,sure  is  on  the  order  of  40 
percent  (17).  Likewise,  the  coefficient,  of  variation  of  the  boom 
wave  duration  is  on  the  order  of  10  percent  (17),.  These  known 
variations  are  incorporated  in  the  study  as  perturbations  of 
the  free-field  waveforms  so  that  mean  intensity  values  under 
pseudo  real  conditions  can  be  compared. 

Because  of  linearity  of  the  model  used,  superposition  is  used 
in  the  computation.;  to  account  for  peak  overpressure  variations. 


If,  for  example,  only  the  variation  in  overpressure  were  used, 
he  variation  of  peak  response  would  also  be  40  percent  and 
comparison  of  mean  values  of  intensity  would  be  superfluous. 

But  the  wave  duration  is  also  perturbed  by  atmospheric  hetero¬ 
geneity  However,  variations  in  wave  duration  are  more  diffi¬ 
cult  to  account  for  ^ imply  because  the  relationship  between  peak 
response  and  wave  duration  is  non  linear.  After  considerable 
thought,  it  was  apparent  that  the  best  approach  to  take  was  to 
compute  a  number  of  response  values  for  waves  whose  durations 
varied  in  accordance  wit!)  a  coefficient  of  variation  of  10 
percent.  Four  multiplicative  time  coefficients,  accordingly, 
modified  each  waveform:  0.918,  0.972,  1.028  and  1.082. 

In  addition  to  variations  in  peak  overpressure  and  wave  dura¬ 
tion,  it  is  known  that  low  level  turbulence  causes  "noise" 
in  the  signatures  of  some  boom  waves  (18,  19,  20,  21).  The 
noise  factor  either  peaks  the  shock  pulses  or  rounds  them  off 
for  the  most  part.  It  i r  clear  from  physical  reasoning  that 
the  noise  is  caused  by  fwo  effects:  dispersion  and  attenua¬ 
tion  (22).  Dispersion  results  from  two  sources:  t"0  varying 
index  of  refraction  as  a  function  of  frequency  and  turbulence 
and  wind.  Absorption  of  energy  during  passage  through  the 
atmosphere  causes  attenuation.  Further,  a  multiplicative  noise 
model  should  be  used.  Because  variations  in  the  random  atmos¬ 
pheric  characteristics  are  slow  compared  with  the  duration  of 
a  typical  N-wave,  it  is  expected  that  successive  peaks  in  a 
given  waveform  would  exhibit  essentially  identical  noise  charac¬ 
ter  i  s  t  J  c.  s  (20). 

The  above  discussion  leads  to  one  form  of  a  model  for  wa  'eform 
variation  due  to  random  dispersion, 

p  (x  ,t)  =  /  d .  P(  . )e  J  ( t_x/w)  >  (7) 

where  W  is  a  function  of  local  temperature  which  is  random  in 
x  and  t ,  and  P (  . )  is  the  Fourier  transform  of  p ( x  ,  0 )  .  A 
simpler,  and  perhaps  better  model  for  the  random  effects  at 
s o  m  e  fixed  position  is, 

p(  t )  /  d ■ P  (  . )e  J (  ■ 1  +  : (  ■  ) )  (8) 

where  the  :(  )  is  a  random  function  of  correspond  l  nq  to 
random  delays  for  each  frequency.  In  either  case,  the  multi- 


plicative  nature  of  the  noise  is  apDarent  through  the  nresence 
of  P(u>). 

In  using  either  of  the  above  models,  some  description  of  P(w) 
and  <ji(u>)  is  necessary.  It  is  extremely  difficult  to  realistic¬ 
ally  model  these  effects  in  terms  of  known  characteristics  of 
the  atmosphere  such  as  mean  temperature  profile,  low  altitude 
turbulence  spectra,  etc.  Moreover,  the  cost  of  a  suitable 
Monte  Carlo  simulation  would  have  been  prohibitive.  For  these 
reasons,  empirical  "noise"  perturbations  based  on  past  experi¬ 
mental  records  were  used  in  the  fabrication  of  waveforms.  While 
this  is  not  the  most  desirable  procedure  it  will  certainly 
indicate  the  f i rst-order  effects  of  such  perturbations. 

In  a  study  by  NASA,  conducted  at  Oklahoma  City,  a  large  number 
of  waveforms  were  obtained  under  different  weather  conditions 
(10).  The  investigators  labeled  the  waveforms  to  be  of  the 
P  (peaked),  NP  ( normal -peeked) ,  N((normal),  NR  ( normal  -  rounded ; , 
or  R  (rounded)  type  in  order  of  degrading  "peakiness" .  When 
the  nu  ber  of  observations  made  under  each  category  were  tabu¬ 
lated  for  altitudes  above  30,000  feet,  it  was  shown  that  the 
majority  of  records  were  of  the  normal  or  NR  type. 

The  average  rise  time  of  the  NR  records  was  on  the  order  of 
10  milliseconds.  The  noise  portion  of  the  study  was,  there¬ 
fore,  limited  to  studying  two  types  of  equally  weighted  condi¬ 
tions,  those  with  normal  waveforms  and  those  waveforms  that  had 
a  rise  time  of  10  milliseconds. 


IV  FABRICATION  OF  THE  LOADING  WAVE 


Gener  : 

There  are  many  variables  that  modi  :y  a  free-field  wave  upon 
striking  a  building  element.  Some  of  tnese  are: 

1.  Shape  and  dimensions  of  the  structure, 

2.  Position  of  element  within  the  structure, 

3 .  Mach  angle, 

4.  Reflection  coefficient  of  the  structural 
element  loaded, 

5.  Reflection  coefficient  of  the  ground, 

6.  Transmi s s i bi 1 i ty  of  the  structure  in  toto, 

7.  Speed  of  sound, 

8.  Manner  of  load  (racking  or  plate), 

9.  Leakage  of  structure,  and 

10.  Angle  of  attack  ( h  e  e  H - o  n  ,  side-on  or  trailing). 

In  this  study,  the  critical  vector  Or  head-on  vector  is  the 
only  one  considered.  A  1  of  the  other  variables  mentioned  above, 
however,  are  treated  in  one  form  or  another. 

The  technique  of  fabricating  loading  waveforms  was  developed 
during  nuclear  weapons  effects  research  (23,  24,  25).  Because 
of  the  extremely  high  pressures  of  interest,  however,  refine¬ 
ment  to  the  degree  necessary  for  computation  of  response  to 
.onic  boom  was  never  accomplished.  Also,  research  in  load 
fabrication  was  different  in  that  design  rather  than  analysis 
of  effects  was  the  end  product.  As  a  result  of  this  and  other 
t  a  c  t  o  r  s ,  parameters  2  5 ,  6  and  9  were  not  treated.  Parameter 

3  was  assumed  always  to  be  90°. 

The  fo’ lowing  discusses  the  logic,  some  of  which  is  old  and 
some  new,  that  was  used  in  generating  the  leading  waveforms. 

A 1 m o st  all  of  the  manipulations,  even  the  old  ones,  are  b a s e d 
on  empirical  results  from  f’eld  or  shock  tube  data,  not  ttieory 
p  e  r  s  e  . 

B.  The  Racking  Load  : 

Th-1  racking  load  distorts  a  structure  in  the  sheat  mode.  Note 
in  thf  photographs  of  <-  shock  wave  hitting  a  simulated  structur 
in  a  shock  tube  how  a  front  and  a  back  load  will  be  displaced 
in  time  (Fig.  1)  .  Note  further  the  large  time  necessary  for 
the  back  load  to  "clean  up". 


In  t  h  s  study,  the  net  racking  load  was  fabricated  by  sub¬ 
tracting  the  back  from  the  front  load  at  some  delay  time 
t b  =  L / C a M  (where  L  =  structure  length,  Ca  =  sound  speed  at 
aircraft  a r; d  M  =  Mach  number).  The  front  load  is  computed 
as  follows: 

1.  The  air  free-fielu  wave,  p  0  ,  is  applied  to  the 
structure.  It  is  computed  uj  dividing  all  ground 
fre°  field  wave  pressures  supplied  by  NASA,  /.  p , 

by  1.9.  Tne  value  1.9  is  the  ground  reflection  co¬ 
efficient  used  by  NASA. 

2.  To  each  shock  in  the  wave  is  added  a  triangular  pulse. 
T.c  bright  is  determined  by  the  product  of  the  struc¬ 
tural  t  flection  coefficient  and  the  shock  strength, 

\ p 0 .  T h .  base  of  the  triangle  or  bleed-off  time  is 
equal  to  3 S / C 0  (where  j  is  the  minimum  distance  from 
fne  equivalent  mass  point  to  a  free  surface  and  CQ 
is  the  speed  of  sound  at  ground  level. 


The  ground  reflected  t. ^e-field  wave 
at  some  delay  time  equal  to, 


is  added 


:pll  AD 


:  o  e  r>  a  c 

i  t  h  *  - 


9  "  C 

0 

N 

0 

.  / 

5  5  M  c  > 

woe 

re  P L 0 A 0 

i  s 

the 

q 

h  t 

of  tne  equivalent  ma 

s  s  above 

q  r  o 

u  n  d  a  n  d 

f  fip 

cor s  ta 

n  t 

0 

.  7 5  T  is  t  h e  s  q u  a r e  o  f 

the 

c  o  r 

r e  ctio  n 

coe 

f  f  i  c  i  e  n 

*■ 

w-  , 

■J 

.  S 7  ,  n e e d e d  to  corcpu  t 

e  Mach 

a  n  g 

1  e  i  n  a 

s  ta 

r  a  a  r  0  i 

!  ■  U  U  I  >.j  Ct 

t  !!; 

o  $ 

o  h ere).  Toe  strength 

o  f  the 

g  r  o 

u n d  ref  1 

e  c  t 

ed  snoc 

k 

i  s 

t a  ken  as  9  o  percent 

of  that 

f  o  r 

r  h  o  e  '  '* 

* 

.  fiel 

s  n 

0  0  k . 

T 

i  i 

e  a  c  h  s  h  o 

Ck 

i  n  the 

re 

■i 

:  t  e  c  g  n  i  nj  wa  ■,  e  is 

a  d  d  o  q 

3  t 

r  i  a  r.  q  1  a 

r  n 

:  *- 

jj  1  c  o  t 

h  o 

s 

i f  and  s r  a p c  of  w n  •’  c 

n  i  s 

d  e  t 

e  r  T’i  i  [i  e  d 

[\ 

t  •'  r 

v.  U 

- e  d  esc  r i b e d  i n  2  a  b o 

V  t'  . 

o  a  ,1 

'  s  c  o m  p 

:J  „  0 

■J  )  r 1  t  r- 

0 

s  a 

e  r. a nne r  a s  the  f r o n 

t  1  0  3  d 

>  c  e  p !  i  o  ••  ■ 
ion  i  ■■■  ■  o  -j  ' 

j  li  i  i>  t'  ! 

It  ■  s  t  ; ; 
•  r  ’  ■* '  , 


s  r  d  c  ; 

■  t  h  V  S  ?■  k.  ' 


C .  i h c  Plate  Load  : 

The  front  loading  wave  minus  the  internal  pressure  wave  com¬ 
prises  the  plate  loading  wave.  The  front  loading  wave  fabri¬ 
cation  procedure  has  already  been  described  above.  The  internal 
loading  wave  is  more  difficult  to  describe. 

Experimental  measurements  at  White  Sands  (26)  and  Oklahoma 
City  (10)  have  indicated  that  the  internal  loading  waveform 
is  essentially  a  lightly  damped  sine  wave  of  a  frequency  slightly 
larger  than  w0 ,  the  intercept  of  curves  enveloping  the  Fourier 
spectrum  of  an  N-wave.  Superimposed  on  the  damped  sine  wave 
are  usually  some  higher  frequency  perturbations. 

This  can  be  explained  in  the  following  manner.  Since  reflec¬ 
tivity  increases  and  transmi ssi bi 1 i ty  decreases  with  increasing 
forced  frequency,  the  initial  response  of  an  element  (and  hence, 
the  internal  pressure)  is  roughly  the  transient  response  of  the 
first  mode  of  the  element  to  a  step  input.  Superimposed  on  the 
internal  pressure  wave,  however,  is  the  forced  response  of  the 
element  at  the  fundamental  frequency  of  the  boom  wave,  approxi¬ 
mately  I^t  (t  =  wave  duration).  In  the  free  vibration  interval, 
the  internal  wave  must  take  on  the  free  vibration  frequency 
characteristics  of  the  element.  The  net  observed  internal 
wave  is  a  damped  sine  wave  having  a  frequency  of  roughly  1/1. 5i. 

The  word  "element"  has  been  used  in  a  general  sense.  In  fact, 
the  entire  structure  loaded  and  not  just  a  wall  or  a  window 
within  the  structure  must  be  considered  as  the  "element"  when 
speaking  of  the  internal  wave.  All  parts  of  the  structure, 
therefore,  participate  in  the  internal  wave  fabrication. 

It  is  obvious  that  a  detailed  theory  for  fabricating  this  wave 
must  take  more  time  for  thought  than  that  available  in  the  study. 
For  this  reason  and  Decause  empirical  fabrication  techniques  have 
been  used  in  other  parts  of  the  procedure,  the  internal  wave 
is  treated  herein  simply  as  follows: 

APj(t)  =  Pp  ( 2- Rs ) e  -s“‘1n  „t  (9) 

where  /\p.(t)  =  the  internal  wave  pressure  at  time  t, 

Pp  =  the  maximum  free-field  pressure  on  the  element  in 
question, 

R  =  reflectivity  coefficient, 


•  =  damping  factor  resulting  from  leakage  and 

internal  damping  of  structural  elements,  and 

.  -  2-/1  .  5 t  . 

Observations  (26)  have  revelaed  that  very  flexible  structures 
or  structures  with  large  windows  have  a  reflectivity  coefficient 
of  about  1,4.  Structures  or  rooms  of  medium  stiffness  and  with 
smaller  windows  have  a  reflectivity  coefficient  of  about  1.5. 
Relatively,  stiff  structures  with  few  of  small  windows  have  a 
reflectivity  coefficient  of  about  1.7. 

An  example  of  fabricating  the  plate  loading  wave  is  shewn  in 
Fig.  2.  The  wave  fabricated  resembles  net  loading  waves  described 
in  (26)  and  (17)  quite  well. 

0.  The  Roof  Load: 

The  roof  loading  wave  is  fabricated  in  the  same  manner  as  the 
plate  loading  wave  with  the  following  exception.  The  wave 
reflected  from  the  ground  does  not,  in  most  instances,  load  the 
roof  directly  but  must  "bleed  around"  the  edge  of  the  roof. 

From  observations  which  confirm  this  line  of  reasoning  (26) 
the  gr.und  reflected  wave  portion  of  the  front  loading  wave  is 
treated  in  the  same  manner  at  the  back  loading  wave. 


V  MODELING  AND  SELECTION  OF  ELEMENTS  FOR  TEST 


A .  Selection: 


Just  as  all  people  are  different,  so  too  are  all  structures 
different.  As  a  matter  of  fact,  there  may  be  more  differences 
in  structures  than  in  people  from  the  standpoint  of  a  transfer 
function  and,  therefore,  intensity.  Several  scales  of  "respon¬ 
siveness"  to  sound  have  been  described  for  people  in  reference 
(9).  These  scales  are  based  on  the  judgment  of  the  investigator 
citing  the  scale  and  his  impression  of  the  mean  response  charac¬ 
teristic  of  a  human  being.  We  are  not  yet  at  the  stage  of  being 
able  to  say  what  the  mean  characteristic  of  all  the  structures 
ac.oss  the  nation  may  be.  A  selection  of  elements  for  test 
must  be  made,  however. 

The  Edwards  AF  Base  Sonic  Boom  Experiment  has  as  its  structural 
subjects  three  buildings  which  are  considered  to  be  "represent¬ 
ative".  They  are  generally  described  by  the  following: 

1.  One  story  house  -  This  dwelling  is  roughly  28  feet 
by  40  feet  in  plan.  It  has  a  living  room,  kitchen, 
family  room  and  three  bedrooms.  The  construction  is 
of  wood  framing  materials,  wood  siding  and  gypsum 
board . 

2.  Two  story  house  -  The  two  story  h.,se  has  in  addi¬ 
tion  to  the  rooms  in  the  one  story  house,  a  dining 
room.  There  are  roughly  2,000  square  feet  internally. 
The  construction  is  of  wood  frame,  wood  siding  and 
gypsum  board  interior. 

3.  Bowling  Alley  -  This  building  is  of  interest  because 
of  the  long  span,  low  frequency  roof.  The  building 
is  roughly  75  feet  by  120  feet  with  no  internal 
posts.  Four  steel  girders  span  the  12D  foot  length 

In  addition  to  the  two  houses  and  bowling  alley  roof,  two  hypo¬ 
thetical  ten  story  buildings  having  low  fundamental  frequencies 
and  three  windows  of  different  size  located  at  three  different 
heights  above  ground  were  selected  for  study.  Table  1  details 
the  19  characteristics  of  the  window  and  structure  elements 
examined. 

B .  Model i ng  Procedure : 

In  the  aerospace  industry,  a  detail*.  fledge  of  an  airplane 
or  a  space  vehicle's  character  is  required  to  insure  confidence 
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in  design.  In  civil  engineering,  however,  the  extra  money  that 
may  be  required  to  insure  confidence  in  design  is  insignificant 
compared  to  testing  costs.  Too,  dynamics  is  seldom  a  considera¬ 
tion  to  the  civil  engineer.  For  these  and  other  reasons,  the 
dynamic  cha rac te ri s t i cs  of  buildings  ana  their  elements  are, 
for  the  most  part,  unknown.  For  example,  references  (26)  (28) 
and  (29)  are  about  the  only  test  reports  on  the  dynamic  proper¬ 
ties  of  residential  buildings  or  their  elements.  As  a  result 
of  the  abov  discussion,  a  simplified  modeling  technique  was 
used  to  describe  the  elements  tested.  Reference  (23)  describe^ 
the  procedure  in  detail  and  reference  (27)  justifies  its  use. 

Racking  Mode  -  The  racking  mode  of  vibration  refers  to  the 
shear  distortion  that  a  structure  undergoes  as  the  result  of 
lateral  loads.  In  the  simplified  method  of  analysis,  the  shear 
walls  provide  the  spring  while  the  mass  is  distributed  according 
to  design  of  the  house  and  unit  weights  of  the  materials  used. 
The  unit  stiffness  used  for  a  shear  wall  element  wes  measured 
at  White  Sands  (26)  and  the  value  determined  used  to  calculate 
frequencies  in  the  report.  The  point  of  load  application 
(PLOAD)  was  selected  as  the  gravity  center  of  the  loaded  wall 
shape . 

An  example  for  calculating  the  natural  frequency  of  a  shear 
beam  is  given  below  for  the  one  story  structure. 


84  PLOAD 

1 . 53  PLOAD 

PLOAD 


hi 

h. 
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b 

7777/7  munhn/nin  trinni  // 
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0.76  PLOAD 
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where : 


k  =  stiffness  of  shear  wall  at  point  PLOAD, 
1.045  x  106  Ib/in. , 


m 


m 


1 

2 


mass  of  truss,  wood  roofing,  and  shingles, 
8420  lb. , 

mass  of  gypboard  ceiling  and  insulation, 
4650  lb.,  and 


=  mass  of  inner  and  outer  walls,  11,880  lb. 

In  the  above  example,  the  unit  shear  stiffness  of  similarly 
built  structures  has  been  observed  to  be  4.44  x  1 0 ^  lb/in. 
ft.  (26).  The  shear  area  available  in  the  N-S  direction  of  the 
structure  is  8  ft.  x  153  ft.  «  1224  ft. 2.  PLOAD  is  5.26  ft. 
above  the  slab.  Therefore, 


k 


4.44  x  103  x  1224  1b. 

5.26  in. 


The  natural  frequency  is: 


f 


n 


1.045  x  1 06  x  386 _ _ _ 

1.84  x  8420  +  1.53  x  4520  +  0.76  x  11,880 


1/2 
cps . 


f n  =  18.3  cps  . 

Racking  frequencies  of  the  other  elements  selected  were  calcu¬ 
lated  in  the  same  manner.  As  a  check,  the  measured  racking 
frequency  of  the  N-S  direction  of  the  two  story  structure  was 
about  8.8  cps  (30).  The  calculated  value  is  9.7  cps. 

Plate  Mode  -  The  frequency  for  tne  piate  or  diaphragm  mode  of 
vibration~for  a  wall  element  having  studs,  outside  sheathing 
and  a  gypsum  board  interior  was  computed  assuming  it  to  be  a 
simply  support td  beam.  A  full  description  of  the  procedure 
is  given  in  reference  (23).  The  value  computed,  15.5  cps,  agrees 
well  with  the  value  observed,  about  16  cps  (30).  However t  the 
reco-d  shown  in  (30)  indicates  that  a  hiqher  mode  is  participating 
in  the  vibration  history  to  some  minor  extent. 

Windows  were  assumed  to  be  plates  rathe*'  than  simple  beams. 

This  is  probably  a  good  assumption  for  smaller  windows  but  it 
may  be  sliqhtlv  in  error  for  laraer  windows.  Data  in  reference 
(17)  indicates  that  the  frequencies  computed  for  the  50  f  t . L 
and  tie  100  ft. 2  windows  are  reasonable,  however.  A  detailed 
description  of  the  method  for  computing  the  plate  frequency  is 
given  in  reference  (23). 
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VI  ANALYSIS  OF  RESULTS 


A .  Genera  1 : 

The  19  elements  described  in  Table  1  were  subjected  to  8  near¬ 
field  and  8  far-field  SST  loading  waves  fabricated  via  the  pro¬ 
cedures  described  in  the  foregoing  usinq  the  data  in  Figs.  8-10. 
The  three  XB-70  and  the  B - 58  and  F-104  waves  (Figs.  11-15)  were 
also  applied  to  all  elements.  No  perturbations  were  used  on 
the  data  waves.  All  results  are  tabulated  in  Appendix  B. 

The  near-field  waves  appearing  in  Figs.  3-10  were  calculated 
by  H.  W.  Carlson  of  NASA,  Lanqley  Research  Center  for  the  con¬ 
tractor  aircraft  characteristics  and  conditions  noted  in  the 
figures.  The  most  appropriate  lift  conditions  for  the  proposed 
contractor  aircraft  at  the  various  positions  within  the  flight 
profile  were  used.  A  description  of  the  theory  used  by  Carlson 
is  given  in  reference  (6).  The  maximum  far-field  overpressure 
'alues  were  also  calculated  by  Carlson  wnile  the  far-field  wave 
durations  were  computed  from  equation  (6)  in  reference  (4)  using 
the  atmospheric  constants  given  for  the  1962  standard  atmosphere 
(31).  The  aB-70,  B-58  and  F-104  boom  data  waves  shown  in 
Figs.  11-15  were  taken  from  references  (10)  and  (11).  The  far- 
field  overpressures  for  these  flights  were  computed  from  the 
nomograms  in  reference  (32)  and  the  wave  duration  from  equation 
(6)  in  •'eference  (4). 

The  figures  appearing  in  Appendix  A  give  examples  of  the  loading 
waveforms  fabricated  and  the  instantaneous  values  of  P(eff). 

The  free-field  waveforms  are  plotted  as  well  for  comparison  pur¬ 
poses.  Elements  13  and  1  are  used  as  examples. 

Figures  A -3  to  /  1  0  in  Appendix  A  have  no  "noise "perturbation 
while  Figs.  A- 11  to  A- 18  do.  The  "noise"  or  rounding  process 
tends  to  lower  the  intensity  for  the  element  considered  and  for 
all  elements  as  well.  Tables  in  Appendix  B  give  P(max),  P(efr) 
and  OAF  values  computed  for  eight  representative  waveforms  with 
and  without,  the  rounding.  T  h  e  odd  tabulated  values  starting 
from  left  to  right  in  these  tables  have  no  rounding  whereas  the 
even  va’ues  do.  Removal  of  just  a  little  energy  at  the  first 
of  the  wave  has  a  considerable  effect  on  the  intensity  derived. 
This  suggests  that  max’ mum  overpressure  is  an  important  parameter 
influencing  intensity. 

Figures  A-3  to  A-42  can  be  used  to  compare  the  near  and  far-field 
effects  on  the  two  elements  considered  for  both  contractor  wave- 
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forms.  One  can  see  that  the  near-field  loading  waves  seem  to 
cause  lower  values  of  response  than  do  those  from  the  far-field. 
Only  a  detailed  analysis  of  all  the  loading  and  response  plots 
will  show  which  simple  parameters  in  a  boom  wave  govern  re¬ 
sponse,  however. 

These  plots,  along  with  hundreds  of  others,  generated  for  the 
remaining  elements  show  that  the  loading  waveforms  are  quite 
different  from  the  free-field  waves.  And  indeed,  response  data 
shown  in  reference  (30)  look  somewhat  similar  to  the  P(eff) 
wave  shown.  We  are,  however,  quite  skeptical  of  the  large  roof 
and  large  building  racking  waves  computed  for  the  F-104  airplane. 
A  good  deal  of  loading  data  on  big  buildings  or  big  roofs  must 
be  derived  in  experimental  programs  before  the  theoretical  values 
computed  can  be  trusted. 

F-104,  B-58,  and  XB-70  data  and  the  associated  far-field  wave¬ 
forms  are  plotted  in  Figs.  A-48  to  A- 5 2  for  one  example  of  the 
racking  response,  element  number  1.  Differences  in  response 
may  be  noted,  but  they  are  usually  within  one  standard  deviation 
of  one  another  as  is  snown  in  Appendix  B. 
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Overpressure  (psf) 


Cor,  tractor  A 
M  =  1.25 

Altitude  -  4 0 , 8°9 
Takeoff  Wt. 
Near-Field  wt. 

ApProx.  Far-Field  Wt. 


450,000  lbs. 
450,000  lbs. 
423,900  1 bs . 


T 


Figure  3.  F  r  e  e  -  F  ;  id.  Contractor  A  SSI.  Condition  1 


Contractor  B 
M  =  1.3 

Altitude  =  38,000 
Take-off  Wt.  420,000  lbs. 

Near  Field  Wt.  420,000  lbs. 

Approx.  Far  Field  Wt.  396,000  1  L  s . 


+  3.0  H 


Time  (Sec) 


Figure  7.  Free-Field,  Contractor  B  SST,  Condition  1 


Time  (Sec) 


igure  9.  Free-Field,  Contractor  B  SST,  Condition  3 
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Overpressure  (psf) 


M  =  1.5 
Altitude  = 
Length  =  63 
Weight  =  14 


Near  Field  Actual 


28,000  Ft 
Ft  . 

,500  lbs. 


ar  r  i  e  1  d  Calculation 


B  .  Com  parison  of  Near-Field  With  Far  ^Fj  e  1  d  I  n  t  e  n  s  i  ties  : 

Charts  plotting  the  mean  values  of  intensity  and  the  associated 
standard  deviations  for  each  near-field  and  its  counterpart  far- 
field  wave  are  shown  in  Figs.  1 6 -  5 Z .  The  u  a  t  a  which  produced 
these  plots  are  given  in  Appendix  B.  Note  that  the  individual 
maximum  values  of  F(max),  P(eff),  and  DAF  are  shown  along  with 
mean  values  and  standard  deviations. 

It  can  be  easily  been  that  *he  near-'ield  waves  produce  an  in¬ 
tensity  lower  than  that  generateo  bj  the  far-field  waves.  The 
differences  are  greater  than  simply  the  differences  in  peak 
overpress ure .  Further,  all  the  near-field  waves  were  computed 
assuming  a  weight  equal  to  the  take-off  weight  while  the  far- 
field  waves  used  the  actual  weight  at  various  parts  of  the 
flight  profile.  In  other  words,  a  normalizing  factor  accounting 
for  weight  differences  would  lower  the  near-field  intensities 
computed  even  further. 

How  much  lower  are  the  near-field  intensities  than  the  far- 
field  intensities?  What  is  causing  the  intensities  to  be  lower? 
To  answer  these  questions  the  ratios  of  the  far  to  near-field 
mean  values  of  P(max),  P(eff)  and  DAF  regarding  t.  e  19  elements 
were  averaged.  The  results  are  presented  below: 

Ratios  for  Average  Far  vs.  Near-Fielu 
Values  of  P(max),  P(eff)  and  DAF* 
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♦not  normalized  for  weight  difference^.  All  values  f e*“  P(max) 
and  P(eff)  would  be  larger  if  normalizing  *ere  done. 
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COMPARISON  JF  NEAR-FIELD  WITH  FAR-FIELD 
EFFECTIVE  STATIC  LOAD 
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COMPARISON  OF  NEAR-F I Er  0  WITH  FAR-F IELD 
EFFECTIVE  STATIC  LOAD 
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COMPARISON  OF  NEAR-FIELD  WITH  FAR-FIELD 
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Figure  31 
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COMPARISON  OF  NEAR-FIELD  WITH  FAR-F I  ELD 
EFFECTIVE  STATIC  LOAD 
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COMPARISON  OF  NEAR-FIELD  WITH  FAR-FIELD 
EFFECTIVE  STATIC  LOAD 


TYPE 

CLtMCMT  9 

LENGTH 

29.99  HIT 

« -MEAN 

NEAR-FIELD,  PCEFF ) 

DAMPING 

5  Ml  Cl  NT 

PITCH  ANGLE 

19.4  OCft'f 

x -MEAN 

FAR-FIELD.  PCEFF) 

HEIGHT 

«  MCT 

AREA 

i  -ONE 

STANDARD  DEVIATION 

BASE 

41.13  ft  IT 

CONTRACTOR 

a 

IPMCTlVf 
ftTAVlC  LOAO 


tWI 


rm 

MM»riU9 


M8I 


haCn 


At T t  TuOI 


II.IM 


4I.SM 


0,111 


S«, III 

lATACtAf T.  INC. 


Figure  33 
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COMPARISON  OF  NEAR-FIELD  WITH  FAR-FIELD 
EFFECTIVE  STATIC  LOAD 


TYPE 

DAMPING 

HEIGHT 

BASE 


filCKgflT  |« 
5  M«  C«Mf 

n  an 
y%  far 


IFFCCTIVC 
•  TATIC  1.0  AO 


Ptlff  ) 
) 


ran 

Ml  AM -f  I  Cl  0 


fill 

MM-f 1110 


MACH 
ALT  I TUOI 


length 

P i T C H  ANGLE 

AREA 

CONTRACTOR 


o -MEAN  NEAR-FIELD,  PCEFF 
*-MEAN  FAR-FIELD,  PlfcFF) 
!-ONE  STANDARO  DEVIATION 


CftlTtfttOM- 

accilimatior 


g?(RP«(tfUNi 

cmi T««soM- 
CMUlil 


Iff 


W  S.JI 


111 


I*  .11 


If. Ill 

OAfACftAM*  IMC. 


Figure  34 
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COMPARISON  OF  NEAR-F IELO  WITH  FAR-FIELD 
EFFECTIVE  STATIC  LOAD 


TYPE  iumdi  i« 

DAMPING  *  '««  «*«5 

HEIGHT  2.  xur 

BASE  7S  "«cr 


LENGTH 

120  TUT 

» -MEAN 

NEAR-FIELD,  PCEFF) 

PITCH  ANGLE 

•  OCMCCt 

x-MEAN 

FAR-FIELD.  PCEFFO 

AREA 

i  -ONE 

STANDARD  DEVIATION 

CONTRACTOR 

« 

C*IT(*ION- 

ACCCLMA'tON 


OVlir NCStUftf 

cm  tmion. 
cauttc 


ffrfctivff 
STATIC  10*0 


TUFT) 

crsr) 


FMC 

MAft.r  mo 


race 

FU.FIIU 


naCm 

At  T I TyOf 


Figure  35 
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COMPARISON  OF  NEAR-FIELD  WITH  FAR-FIELD 
EFFECTIVE  STATIC  LOAD 

IUMM  II  LENGTH  »  a  -ME  AN  NEAR-FII 


TYPE  ItlKla*  tl 

DAMPING  i  *«  e«' 

HEIGHT  •  m«t 

BASE  ••  "**' 


cf^ccnvii 

ITAUC  load 


LENGTH  ” 

PITCH  ANGLE 
AREA 

CONTRACTOR  • 

f ***  *tU«* 

I  CtlTMlO*-, 

j  ACCCi.*«*Af  t^N 

“  T  t 


4- — 


a-MEAN  NEAR-FIELD.  PtEFF] 
*  -MEAN  FAR-FIELO,  F>(  £FF  J 
i -ONE  3TANOARD  DEVIATION 


CtlfMlOie* 

C«u!M 


no 


r\ 


V  " 


... 


\  f 


M  Ml  \ 

l\ 


«i  r  i 


Cat  a t**# T .  lit. 


F  igurc 


COMPARISON  OF  NEAR-FIELD  WITH  FAR-F I  ELD 
EFFECTIVE  STATIC  LOAD 


TYPE 

DAMPING 

HEIGHT 

8ASE 


8MICTIVI 
tTAfJC  L®*0 


J 

t*%9  I 


MM 

•  I  A*  -  9  lll.fi 

rill 

riivfi 

RAC* 

ALT  l  •  VOI 


clcmcnt  :a  LENGTH  ia  rcc^  a-MEAN  NEAR-FIELu,  PCEFF3 

i  pi«  ci r r  PITCH  ANGLE  *-MEAN  FAR-FIELD,  PCEFF] 

•mit  AREA  i -ONE  STANDARD  DEVIATION 


4I.IH  H.fll  itttM 


r,  f ■£ . 


TYPE 

DAMPING 

HEIGHT 

BASE 


•t«ric  io«o 


lOMPARISON  Of  NEAR-rlELO  WITH  FAR-I-IElO 
EFFECTIVE  STATIC  LOAD 


tiejis^r  is 
I  US*  4t»i 


LENGTH 
PITCH  ANGLE 
AREA 

contractor 


•f**u*f ttuflt 
c»f  u*is»- 


« -MEAN  NE AR-F I ELO,  PCEFF) 
x-MEAN  FAR-FIELD,  PCEFPI 
i -ONE  STANDARD  DEVIATION 


gxtrtlitust  | 

(I1KSIOS-  (- - 1 

exults  ' 


;V:k1 


■ 'v '  '•••' 

.  Vj 

I'-'T 


mm 
If™ 

i<VH. 

I  *  .) 

Tlk:  • . 


m 


■tii-rmo 


rt  i'« 

tw  lit  "'K*  *■  *•'* 


F i qure  39 


COMPARISON  OF  NEAR-FIELD  WITH  FAR-F IELD 
EFFECTIVE  STATIC  LOAD 


TYPE 

DAMPING 

HEIGHT 

8ASE 


niAA-f me 


13 


3  m  €t*f 


LENGTH 
PITCH  ANGLE 
AREA  T 
CONTRACTOR 


•  -MEAN'  NEAR-FIELO,  PCEFF) 
i-MEa .«  FaR-FIELO.  P(EFF) 
i -ONE  STANDARD  DEVIATION 


_ _  I 

d*5u«aa¥*ua£ 

\  -  I  ] 


Cft|T(«!Oa 

C4UJ9I 


123  192  392 

^  ut  "s^*f  **  *.2*  rv  **  i.*9 


P"  Ml  *  !•  Ml 


Figure  40 


TYPE 

DAMPING 

HEIGHT 

BASE 


urumc 

IQJ|« 


*(fMS 

IMF) 


mu 

M*a-r  silo 

nu 

'40-f ICLO 

IMC* 

ALT  ITgflfl 


COMPARISON  OF  NEAR-FIELD  WITH  F.'.R-FIELD 
EFFECTIVE  STATIC  LOAD 


39,  3»V  O.IH  <MII  «•,*«» 

inc. 


I 


Figure  41 
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COMPARISON  OF  NEAR-FIELD  WITH  FAR-FIELD 
EFFECTIVE  STATIC  LOAD 


TYPE 

OAMPING 

HEIGHT 

BASE 


I  »£*  tsnr 


!«.««  tUt 


LENGTH 
PITCH  ANGLE 
AREA 

CONTRACTOR 


T  , - ;  txustiitn- 


ni 


Wi/f *V6n-  j 


«  Mci  •-MEAN  NEAR-FIELD,  PCEFF } 

*-MEAN  FAR-FIELD,  PCEFF) 
i -ONE  STANDARD  DEVIATION 


K«f*C«ttJ*C 
I  TcnigH-  * - - 

imm  _  I 


STATIC  kOftO 


.4 — 


ici.0 


t>9  !•» 

N  U9  "<K!*  **  *** 


FA«~?3CI.Q 


Figure  42 


TYPE 
DAMP  1 1*3 
HEIGHT 
BASE 


ctrtctifK 
STATIC  LOAft 


»(sm 

CfSf  ) 


TMI 

utir  me 

MCI 

MS-MUO 

NACM 

AlTtfuOC 


COMPARISON  OF  NEAR-HELD  WITH  FAR-F IELO  ~ 
EFFECTIVE  STATIC  LOAD 

«<.»«*«»  t*  LENGTH  *j  m*t  »-M£AN  NEAR-FIELD,  PCEFF  ) 

t  e«»t  PITCH  ANGLE  * -ME  Ah  FAR-F  I  ELDt  PCEFF) 

n.»*  «€f  AREA  >  -ONE  STANDARD  DEVIATION 

i«  m«*  CONTRACTOR  » 


iMIt  4I.IM  ♦».»>**  »•.*** 


.  me. 


Figure  43 


TYPE 

DAMPING 

HEIGHT 

BASE 


IfMCMvC 
STAUC  LOAO 


/•if 

»€*•-/ II  \,Q 

9  mi 

MflvMItl 

•  aCn 
AiTivwoe 


COMPARISON  OF  NEAR-FIELD  WITH  FAR-FIELD 
EFFECTIVE  STATIC  LOAD 


IU*t«T  5* 
i  Pt,n  ;e«? 
M*t 


LENGTH 
PITCH  ANGLE 
AREA 


•  -MEAN  NEAR-FIELD.  PCEFF ) 
* -MEAN  FAR-FIELD.  PCEFF} 
i -ONE  STANDARD  DEVIATION 


*«,«•» 


41.111 


•1,IM 


tAtACMM,  me. 


COMPARISON  OF  NEAR-FIELD  WITH  FAR-FIElD 
EFFECTIVE  STATIC  LOAD 


TYPE 

DAMPING 

HEIGHT 

BASE 


irjrfCTiwf 

•  tamc  uOao 


MlffJ 

CMn 


'Ml 

RIM-MHO 

*•!« 

Ml-'llkO 

haCm 
aim  mot 


CUHh?  13 
1  PC4 

I*. 99  MIT 
It  HIT 


LENGTH  «  mi* 

PITCH  ANGLE 

AREA 

CONTRACTOR  • 


* -MEAN  NEAR-FIELD,  PCEFF] 
x -MEAN  FAR-F I  ELD,  PCEFF] 

i -ONE  standard  deviation 


M.IM 


4MM 


IS. lit 


>9. Ill 


me. 


Figure  45 
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COMPARISON  OF  NEAR-FIELD  WITH  FAR-FIElD 
EFFECTIVE  STATIC  LOAD 


TYPE 

DAMPING 

HEIGHT 

BASE 


fTAflC  LOAD 


NIAS -Ml  1,0 


IlCAlftT  10 


i  At*  cmr 


LENGTH 
PITCH  ANGLE 
AREA 

CONTRACTOR 


» -MEAN  NEAR-FIELD,  PCEFF) 
* -MEAN  FAR-FIELD.  P(EFF) 
i -ONE  STANDARD  DEVIATION 


AcciiMirtoi 


[MMIIklM 

I T | A i On -  - 

jttc 


100  ll»  IM 

f«l)i  N  "'Kf* 


tAfACAAM,  Inc. 


Figure  46 


COMPARISON  OF  NEAR-FIELD  WITH  FAP-F I  ELD 
EFFECTIVE  STATIC  LOAD 


TYPE 

DAMPING 

HEIGHT 

BASE 


ILCMCMT  It 


I  Ml  CIMT 


LENGTH 
PITCH  ANGLE 
AREA 

CONTRACTOR 


a -ME AN  NEAR-FIELD,  PCEFF) 
x -MEAN  FAR-FIEID.  PCEFF) 
i -ONE  STANDARO  DEVIATION 


Cftirinioii- 
ACCtLft AT  1  Op 


HTfAJOW- 


9TAT1C  COAO 


M«a.T|(iO 


K  Li  I 

r\ 


1 1 « 


Miridt 


•  A T  At •*  P  T ,  t*C. 


Figure  4 


■ 
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TYPE 
DAMP  I NG 
HEIGHT 
BASE 


iMicnu 

STATIC 


fcim  > 
IMF  I 


M(| 

MM-riUI 

Ml.TIIVt 

iia(n 

a*, r | rvtf 


COMPARISON  OF  N^AR-FIELD  WITH  FAR-FIELD 
EFFECTIVE  STATIC  LOAD 


ClfKIttT  17 

i  pin  cint 
1 1#  M(T 
ICC  MIT 


LENGTH 
PITCH  ANGLE 
AREA 


CONTRA 


CTOR 


ICC  M^T 


•  -MEAN  NEAR-FIELD,  PC  EFF  ) 
x-MEAN  FAR-FIELO.  PC  EFF  ) 
i -ONE  STANDARD  DEVIATION 


ccjrccion- 

ACCtkftAf I  of 


CCITIRION 

ccuicc 


Ci  7  C  ll«  Id 


H.CIC  Mill  fC.CCC  SC.CCC 

•  I»C. 


Figure  49 


COMPARISON  OF  NEAR-FIELD  WITH  FAR-FIELD 
EFFECTIVE  STATIC  LOAD 


TYPE 

OAMPING 

HEIGHT 

BASE 


•  UUC  1 0 A 0 


mtrMiii 


Cifftfnr  1 9 


l  Ptn  C(NT 


LENGTH 
PITCH  ANGLE 
AREA 

contractor 


•-MEAN  NEAR-FIELD.  PCEFF) 
* -MEAN  FAR-FIELO,  PCEFFJ 
i -ONE  STANDARD  deviation 


C«l TlftlOM- 
ACC«L««AT 100 


«(|t  MttUM 

cvircmon- 

cauitv 


its 


s 


.  \ 


•<r«(nn.  i»c. 


F lqure  5 C 


t-'tV 


v  r 


COMPARISON  OF  NEAR-F IHlO  WITH  PAR-FIELD 
EFFECTIVE  STATIC  LOAD 


TYPE 

DAMPING 

HEIGHT 

BASE 


iiAHC  ie*o 


I  CSMT 


LENGTH 
PITCH  A.NGuE 
ARC  5 

CONTRACTOR 


r  swcftp*i»»uftf 

~j  C*SfS*tO>.- 
acoucva'iq? 


•  -MEAN  NE-R-F IrLO,  P,  PF  J 
FAR-FIELO,  PCEFF3 
i -ONE  STANDARD  DEVIATION 


C«! ?<«!$*-  ’r—  1 

ctuiai  !  i 


I  T 

i — l_LL 


It-!. 

■m 


h-*.  ■ . 


I!  I  E 


NlAft-MKf.0 


MU.MIlO 


114 

lit  P!  »*  2.15 

rJ-\r . 


r  \j 

J  T.  ,JT  T  • 


QAVACtAM,  INC. 


Figure  51 
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TYPE 

DAMPING 

HEIGHT 

BASE 


crfccrivt 

‘STATIC  LOAD 


IMM 


rtic 

ft*  Aft-MIlO 

M({ 

FAA-FIIL9 

kaCk 

AITJTUOC 


COMPARISON  OF  NEAR-FIELD 
EFFECTIVE  STATIC 


WITH  FAR-F  IELO 


LU 


°AO 


HIKtal  ! 
i  ft*  Cl*t 
at  mr 
it*  mi 


LENGTH  •  m* 

PITCH  ANGLE 

AREA 

CONTRACTOR 


# -MEAN  NEAR -c IELO,  PCEFF3 
x-MEAN  FAR-F I  ELD,  PCEFF3 
t-ONE  STANDARD  DEVIATION 


S?S»i,ltX*M«J 

«»!'»>!(»*- 

itccLt«*;t«a 


»•****« »#a*tl 

cvm*«  i 


Figure  52 
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4  look  quite  simitar.  Even  so,  the  near-field  or  third  order 
theory  wouic  give  lower  intensity  values  on  the  average  for 
all  conditions.  This  results  probably  because  the  negative 
impulse  is  somewhat  smaller  for  near  than  for  the  symetric 
far-field  waves  in  all  conditions. 

At  this  point,  we  must  repeat  that  the  near-field  theory  should 
not  be  confused  with  near-field  conditions.  T  e  near-field 
theory  gives  a  finer  approximation  of  the  ooom  wave  than  the 
far-field  theory.  Near-field  conditions,  ori  the  other  hand, 
are  ^hose  where  the  observer  is  in  such  a  position  that  auxil¬ 
iary  shocks  from  various  parts  of  the  aircraft  can  still  be 
distinguished. 

The  above  table  can  indicate  what  is  causing  the  near-field 
intensity  to  be  lower  than  the  far.  DAF  is  relatively  unchanged 
but  the  P(max)  ratios  are  virtually  the  same  as  the  P(eff) 
ratios.  Near-field  intensity  is  lower  because  of  lower  effective 
loading  feedback  conditions.  One  might  question,  therefore,  the 
wave  fabrication  technique,  but  the  identical  procedure  was  used 
in  each  case. 

Ratios  of  standard  deviation  for  far  vs.  near-field  values  of 
P(max),  P(eff)  and  OAF  were  compared  in  a  similar  manner  as  that 
above  for  mean  values.  The  results  arc  presented  below: 


Ratios  for  Far 

vs.  Near- 

Field 

Values  of 

o[P (max ) ] , 

o[P(eff ) ] 

and  o ( DAF  ) 

Contractor  A 

Contractor 

B 

Condi tion 

o  (P(max ) ] 

o(P(eff )] 

a (DAF) 

c[P(max )] 

e  [  P  (  e  f  f  )  ] 

o  ( DAF ) 

1 

1.36 

1  .  26 

1.08 

1,49 

1.43 

1  .  27 

2 

1  ,36 

1.26 

1.04 

1.49 

1  .25 

1,13 

3 

0.98 

1  .  09 

1.04 

1,19 

1.12 

1.20 

4 

0.99 

1.03 

0.88 

0.96 

1.04 

1.04 

The  standard  deviation  ratios  of  intensity  vary  little  from  the 
ratios  of  the  mean.  This  indicates  that  no  significant  differ¬ 
ences  in  the  coefficient  of  variation  should  exist  between  near 
and  far-field  conditions. 

As  a  final  observation,  coefficients  of  variation  for  P(eff) 
were  computed  for  selected  waveforms  and  elements  (Appendix  B). 
It  was  noted  in  all  cases  that  they  were  lower  for  P(eff)  that* 
for  either  P(maxj  or  the  40  percent  value  introduced  into  the 
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peak  free-field  overperssure  during  computation.  This  suggests 
that  the  coefficient  of  variation  for  structural  damage  to  any 
one  particular  element  will  he  lower  than  that  expected  for  free 
field  overpressure . 

Some  feeling  for  differences  between  near-field  and  far-field 
(N-wave)  waveforms  can  be  obtained  by  comparing  their  Fourier 
spectra.  The  spectrum  of  an  N  wave  of  the  form  shown  below  is: 


P(jw)  =  j  - % 

T  hi 


T  uT  ,  ,  oil 

-Tw>  cos  y  +  /  sm  y 


(10) 


The  high  frequency  asymptote  of  the  peaks  is  given  by. 


op 

P(jJ  =  J  , 


(M) 


and  the  low  frequency  asymptote  by. 


,  P^u)T‘ 


P(joi)  :  j 


(12) 


If  a  near-field  wave  is  approximated  by  the  sum  of  two  N  waves. 


its  spectrum  is  given  by , 


P(jw) 


j  2  P ! 

v? 


-tuT  cos 
1  2 


+  2  s  i  n 


+ 


cos 


~T~ 


4  2  si n 


(13) 


The  correspondi ng  high  frequency  and  low  frequency  asymptotes 
are  giyen  by, 


P(j«)  j2  (P1  1  f. 2 * 

CO 

and 


(14) 


P(ju>)  =  ^  (PiTl2  +  P2T22)  •  (15) 

Examination  of  the  asymptotic  behavior  for  the  two  cases  in¬ 
dicates  that,  oj0,  the  peak  of  P(jw)  ,  will  be  shifted  to  a 
somewhat,  higher  frequency  for  the  near-field  case.  The  high  and 
low  frequency  asymptotes  for  cne  N-wave  intersect  at  a  frequency, 
undetermined  by  the  equation, 


u0T 


6 


or 


1  2/T, 


(16) 


In  reality,  the  near-field  waveform  is  not  symetrical  as  shown, 
above.  It  looks  more  like  the  following: 


The  spectral  envelopes  of  such  a  function  lies,  for  the  most 
part,  below  those  for  both  the  symetrical  near-field  and  far- 
field  cases.  Unfortunately,  reality  is  still  not  modeled  even 
with  the  more  complex  waveform,  because  the  positive  impulse 
sift  suggested  by  Young  (33)  is  not  yet  introduced  into  the 
wave.  Introducing  this  added  effect  would  have  the  effect  of 
lowering  the  true  near-field  spectral  envelopes  in  the  fre¬ 
quency  ranges  of  interest  even  further,  keeping  maximum  posi¬ 
tive  overpressure  constant. 

The  results  derived  seem  to  correlate  with  those  derived  during 
damage  tests.  During  investigation  of  glass  breakage,  Magi ieri 
et  al  (34)  showed  that  the  F - 1 04  aircraft,  which  generates  a 
somewhat  cleaner  signature  in  the  near-field  than  does  the  F-105, 
was  more  effective  in  breaking  glass  than  the  F-1C5  at  equal 
free-field  overpressures.  This  would  suggest  from  a  gross  stand¬ 
point  that  either:  1)  distorted  waveforms  produce  lower  inten¬ 
sities  than  the  clean  N-wave;  or  2)  waveform*  distorted  in  the 
F-104  manner  produce  greater  intensities  than  the  clean  N-wave. 
Unfortunately,  no  clean  sonic  boom  N-waves  could  be  generated 
at  the  high  overpressures  necessary  to  break  the  glass  and  check 
the  suppositions.  Nevertheless,  the  less  distorted  waveform 
broke  mere  glass  than  the  more  distorted  one. 

Simple  intensity  quantities  have  been  suggested  by  Mayes  and 
Newman  (35)  and  Wiggins  (17)  based  on  the  response  spectrum 
technique.  Maximum  overpressure  governs  at  certain  frequencies 
and  positive  impulse  governs  at  others.  Results  given  below 
suggest  that  this  criteria  could  be  improved,  however. 

C  .  E  f  f  e c  ts  of  Ai  rp  1  a n e  S  i  z e  _o_n  Racking  a n d  Plate  I  n  t  e  n s  i  t  i  e s  : 

The  intensities  from  far -field  waves  for  the  F-104,  B-58,  X8-70 
and  the  two  SST's  were  averaged  and  normalized  with  peak  free- 
field  overpressure  for  the  six  racking  elements  considered  (see 
Appendix  B).  The  relative  results  are  shown  in  the  table  below: 


Normalized  and  Averaged  Values  of  Far-Field  P(eff) 
For  the  6  Racking  Elements  Considered 


F- 

1  04 

B- 

58 

xs 

-70 

S5T 

Mean 

t  (  sec  .  ) 

n 

082 

0. 

14/ 

0. 

230 

0. 

.410 

Mach 

No  . 

l  . 

50 

1 

22 

1 

86 

2  , 

.  7 

■  ■P  (P 

Sf ) 

1 

60 

2 . 

50 

1 . 

80 

1  . 

.66 

Norma  1 i zed 

2 

00 

1 

80 

1 . 

43 

1  , 

.  27 

P  (  e  f f ) ( ps  f ) 


The  above  table  shows  that  racking  decreases  as  T  and  Mach 
number  increase.  Comparing  only  the  racking  values  for  the  two 
small  houses  revealed  virtually  the  same  results.  For  plate 
vibrations,  the  reverse  seems  to  be  the  case. 

Normalized  and  Averaged  Far-Field  Values 
of  P(eff)  for  12  of  the  Plate  Cases  Consicered 


F-104 

B-58 

X8-70 

S  ST 

Mean  t  ( sec  . 

)  0.082 

0.147 

0.230 

0.410 

Mach 

1  .  50 

1.22 

1  .86 

2.7 

Ap  (psf) 

1  .60 

2.50 

1  .80 

1.66 

Normal i zed 

0.80 

1.31 

1  .31 

1  .44 

P(eff ) (psf ) 

The  above  table  shows  :hat  plate  vibrations  can  be  larger  under 
equal  free-field  overpressure  SST's  than  F-104's.  This  might 
explain  why  the  internal  pressures  under  B-58  booms  are  greater 
than  those  generated  by  F-104's.  Of  course,  all  statements  made 
are  general  and  might  not  be  true  in  specific  instances. 
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Appendix  A 


REPRESENTATIVE  FREE-FIELO 
LOADING  AND  RESPONSE  CURVES 


NEAR  FIELD  THEORY 
CONTRACTOR  6  MACH  1.3 

ALTITUDE  38>  000 

THEORETICS  WEIGHT  420,  000 

ACTUAL  PROFILE  WT.  336,000 

ELEMENT  NUMBER  13 

LOADING  WAVE  PLATE 

0  a  PEFF 

X  2  LOADING  WAVE 


OVERPRESSURE  CPSF) 


far  field  theory 

CONTRACTOR  S  MACH  1.3 

ALTITUDE  38,000 

THEORETICAL  WEIGHT  420,000 

ACTUAL  PROFILE  WT.  396,000 

ELEMENT  NUHBEk  13 

LOADING  WAVE  PLATE 

0  -  PEFF 

X  -  LOADING  WAVE 


OVERPRESSURE  £PSE) 


1 v\ 


FAR  FIELD  THEORY 
CONTRACTOR  8  MACH  1.5 

ALTITUDE  40,500 

THEORETICAL  WEIGHT  420,000 

ACTUAL  PROFILE  WT.  T93. 000 

ELEMENT  NUMBER  13 

LOADING  WAVE  PLATE 

0  =  PEFF 

X  =  LOADING  WAVE 


OVERPRESSURE 


NEAR  FIELD  THEORY 
CONTRACTOR  8  MACH  2. 2 

ALTITUDE  45.000 

THEORETICAL  WEIGHT  420.000 

ACTUAL  PROFILE  WT.  385,000 

ELEMENT  NUMBER  13 

LOADING  WAVE  PLATE 

0  =  PEFF 

X  =  LOAOING  WAVE 


NEAR  FIELD  THEORY 

contractor  0 

MACH  2.7 

ALTITUDE 

59. 000 

THEORETICAL  WEIGHT 

420, 000 

ACTUAL  PROFILE  WT. 

377.770 

ELEMENT  NUMBER 

13 

LOADING  WAVE 

0  =  PEFF 

S  =  LOAOING  WAVE 

PLATE 

Overpressure  cpsf) 


FAR  FIELD  THEORY 
CONTRACTOR  8 
ALTITUDE 

THEORETICAL  WEIGHT 
ACTUAL  PROFILE  WT. 
ELEMENT  NUMBER 
LOAOING  WAVE 
0  =  PEFF 

X  =  LOAOING  WAVE 


MACH  2.7 
59. 000 
420. 000 
377. 770 
13 

PLATE 


TIME  (SEC) 


NEAR  FIELD  THEORY 
CONTRACTOR  8  MACH  1.3 

ALTITUDE  18,000 

THEORETICAL  WEIGHT  420,000 

ACTUAL  PROFILE  WT.  396.000 

ELEMENT  NUMBER  13 

LOADING  WAVE  PLATE 

C  =  PEFF 

X  =  LOAOING  WAVE 


SURE  CPSF) 


FAR  FIELD  iHEORY 
CONTRACTOR  3 
ALTITUDE 

THEORETICAL  WEIGHT 
ACTUAL  PROFILE  WT. 
ELEMENT  NUMBER 
LOADING  WAVE 
0  *  PEFF 

X  =  LOAOING  WAVE 


MACH  1.3 
38. 000 
420. 000 
396, 000 
13 

PLA  (E 


FAR  FIELD  THEORY 
CONTRACTOR  B  MACH  1.5 

ALTITUDE  40.500 

THEORETICAL  WEIGHT  420,000 

ACTUAL  PROFILE  WT.  333. 000 

ELEMENT  NUMBER  13 

LOADING  WAVE  PLATE 

G  =  PEFF 

X  =  L0A0IN6  WAVE 


NEAR  FIELD  THEORY 

CONTRACTOR  B 

MACH  2.2 

ALTITUDE 

45, 000 

THEORETICAL  WEIGHT 

420,  000 

ACTUAL  PROFILE  WT. 

385. 000 

ELEMENT  NUMBER 

13 

LOADING  WAVE 

0  =  peff 

X  -  LOADING  WAVE 

PLATE 

far  field  theory 
contractor  3 

ALTITUDE 

THEORETICAL  WEIGHT 
ACTUAL  PROFILE  *T„ 
ELEMENT  NUMBER 
LOADING  WAVE 
0  =  PEFF 

X  =  LOADING  WAVE 


MACH  2.2 
45. 000 
420. 000 
335, 000 
13 


PLATE 


OVERPRESSURE 


NEAR  FIELD  THEORY 

CONTRACTOR  8 

MACH  2.7 

1  ALTITUDE 

59. 000 

THEORETICAL  WEIGHT 

420. 000 

ACTUAL  PROFILE  WT. 

377,770 

?  ELEMENT  NUMBER 

13 

|  LOADING  WAVE 

PLATE 

}  0  =  PEFF 

t  X  =  LOADING  WAVE 

i 
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OVERPRESSURE 


FAR  FIELD  THEORY 
CONTRACTOR  9  MACH  2.7 

ALT  I TUOE  59, POO 

THEORETICAL  WEIGHT  470.000 

ACTUAL  PROFILE  WT.  377,770 

ELEMENT  NUMBER  13 

LOADING  WAVE  PLATE 

O  ’  PEff 

X  =  LOADING  WAVE 


FAR  FIELD  THEORY 
CONTRACTOR  A  MACH  1.25 

ALTITUDE  40.899 

THEORETICAL  WEIGHT  450.000 

ACTUAL  PROFILE  WT  423. S00 

ELEMENT  NUMBER  13 

LOAOING  WAVE  PLATE 

0  *  PEFF 

X  =  LOADING  WAVE 


L\ 


NEAR  FIELD  THEORY 
CONTRACTOR  A  MACH  1.50 

ALTITUDE  44,599 

THEORETICAL  WEIGHT  450. OOF 

ACTUAL  PROFILE  WT  413,700 

ELEMENT  NUMBER  13 

LOADING  WAVE  PLATE 

0  =  PEFF 

X  =  LOADING  WAVE 


SSURE  (PSF) 


s  n 


NEAR  FIELD  THEORY 
CONTRACTOR  A 
ALTITUDE 

THEORETICAL  WEIGHT 
ACTUAL  PROFILE  WT 
ELEMENT  NUMBER 
LOADING  WAVE 
0  =  PE  FF 

X  =  LOAOING  WAVE 


MACH  2. 00 
49,599 
450, 000 
410, COO 
13 

PLATE 


NEAR  FIELD  THEORY 
CONTRACTOR  A  MACH  2.70 

ALTITUDE  65,000 

THEORETICAL  WEIGHT  450.000 

ACTUAL  PROFILE  WT  375.000 

ELEMENT  NUMBER  13 

LOADING  WAVE  PLATE 

0  *  PEFF 

X  =  LOADING  WAVE 


FAR  FIELD  THEORY 
CONTRACTOR  A 
ALTITUDE 

THEORETICAL  WEIGHT 
ACTUAL  PROFILE  WT 
ELEMENT  NUMGER 
LOADING  WAVE 
0  *  PEFF 

X  =  LOADING  WAVE 


MACH  2.7Q 
65, 000 
450, 000 
375, 000 

!  '4 


PLATE 
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OVERPRESSURE 


near  field  theory 
contractor  a 

ALTITUDE 

THEORETICAL  WEIGHT 
ACTUAL  PROFILE  WT 
ELEMENT  NUMBER 
LOADING  WAVE 
0  *  PEFF 

X  =  LOADING  WAVE 


l-c  M/tr/K 

MACH  1,^5 
40,899 
450. OOC 
423.900 
1 

RACKING  TYPE 


~T - 1 - -  - - T- 


OVERPRESSURE  CPSF) 


NEAR  FIELD  THEORY 
CONTRACTOR  A  MACH  1.50 

ALTITUDE  44,599 

theoretical  height  450.000 

ACTUAL  PROFILE  WT  419,700 

ELEMENT  NUMBER  1 

LOADING  WAVE  RACKING  TYPE 

0  =  PEFF 

X  -  LOADING  WAVE 


FAR  FIELD  THEORY 
CONTRACTOR  A  MACH  l o  50 

ALTITUDE  44,599 

THEORETICAL  WEIGHT  450.000 

ACTUAL  PROFILE  WT  419,700 

ELEMENT  NUMBER  I 

LOADING  WAVE  RACKING  TYPE 

O  =  PEFF 
X  =  l  '''DING  WAVE 


near  field  theory 
CONTRACTOR  A  MACH  2.00 

ALTITUDE  49,599 

THEORETICAL  WEIGHT  450,000 

ACTUAL  PROFILE  WT  410,000 

ELEMENT  NUMBER  1 

LOADING  WAVE  RACKING  TYPE 

|fl  it  pc  c  c 

X  s  LOADING  WAVE 


overpressure 


far  field  theory 

CONTRACTOR  A  MACH  2.00 

ALTITUDE  49,593 

THEORETICAL  WEIGHT  450,000 

ACTUAL  PROFILE  WT  410.000 

ELEMENT  NUMBER  1 

LOADING  WAVE  RACKING  TYPE 

O  =  PEFF 


NEAR  FIELD  THEORY 
CONTRACTOR  B  MACH  1 . 3 

ALTITUOE  38,000 

THEORETICAL  WEIGHT  420.000 

ACTUAL  PROFILE  WT.  396,000 

ELEMENT  NUMBER  i 

LOADING  WAVE  RACKING  TYPE 

0  =  PEFF 

X  =  LOADING  WAVE 


OVERPRESSURE  CPSF) 


far  fielo  theory 
contractor  b 
alt  i  T UOE 

THEORETICAL  WEIGHT 
ACTUAL  PROF ’ _E  WT. 
ELEMENT  Nl'HdER 
LOADING  WAVE 
0  =  PEFF 

X  =  LOADING  WAVE 


MACH  1.3 
38. 00C 
420. 000 
396. 000 
1 

RACKING  TYPE 
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NEAR  F  IELO  THEORY 
CONTRACTOR  8 
ALT ! TUDE 

THEORETICAL  WEIGHT 
ACTUAL  PROFILE  WT. 
ELEMENT  NUMBER 
LOADING  WAVE 
0  *  PEFF 

X  =  LOADING  WAVE 


MACH  2.7 
45, 000 
420, 000 
385. 000 
t 

RACKING  TYPE 


PRESSURE  CPSF) 


PAR  FIELD  TmEORy 

contractor  b 

ALTITUDE 

theoretical  weight 

ACTUAL  PROFILE  WT. 
ELEMENT  NUMBER 
LOADING  WAVE 
0  =  PEFF 

X  =  LOADING  WAVE 


HACH 

45. 

420. 

385, 

RACKING 


2,  2 
000 
000 
000 
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TYPE 
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NEAR  FIELD  THEORY 
CONTRACTOR  B  MACh  2.7 

ALTITUDE  59, 000 

THEORETICAL  WEIGHT  420,000 

ACTUAL  PROFILE  *T.  377,770 

ELEMENT  NUMBER  1 

LOADING  WAVE  RACKING  TYPE 

0  =  PEFF 

X  =  LOAOING  WAVE 


FAR  FIELD  THEORY 
CONTRACTOR  B  MALH  2.7 

ALTITUDE  59.000 

THEORETICAL  WEIGHT  420.000 

ACTUAL  PROFILE  WT.  377.770 

ELEMENT  NUMBER  1 

LOADING  WAVE  RACKING  TYPE 

0  =  PEFF 

X  =  LOADING  WAVE 


RECORDED  DATA 

F-104  1.5 

altitude  28.oco 

ACTUAL  PROFILE  WT.  14.500 

ELEMENT  NUMBER  1 


LOADING  WAVE 
0  =  PEFi- 

X  =  LOADING  WAVE 


RACKING  TYPE 


FAR  FIELD  THEORY 

F-104 

1.5 

ALTIT  E 

29, COO 

ACTUA  PROFILE  WT. 

14.500 

ELEMENT  NUMBER 

t 

LOADING  WAVE 

RACKING  TYPE 

0  =  PEFF 

X  =  LOADING  WAVE 

far  t  ielo  thcORy 

B-58 

ALTITUDE 

actual  profile  wt. 

ELEMENT  NUMBER 


1 . 20 
27. 000 
120, 000 
1 


LOADING  WAVE 
0  =  PEFF 

X  =  LOADING  '  VE 


RACKING  TYPE 


2"\  000 
423,900 
1 


RECORDED  P*  r  '• 

XB-70 
A1  T  I  TUBE 

ACTUAL  PRUf"  I  L  E  AT. 

ELEMENT  NUMBt R 

LOADING  WAVE  RACKING  TYPE 

U  =  PEEP 

X  =  LOADING  WAVE 


i  :  .  ■  ; 

:  ;  A  : 


.40 


.<■ 


TIME  C  SEC  3 


to 


FAR  FIELD  THEORY 

XB-70 

i  *22 

ALTITUDE 

27. 000 

ACTUAL  PROFILE  WT 

423.900 

ELEMENT  NUMBER 

1 

LOADING  WAVE 

RACKING  TYPE 

0  -■  PEFF 

X  =  LOADING  WAVE 

RECORDED  Data 

S-C  If/Gl  '0* 

1  0 

xe-70 

1.40 

ALT i T  U  D  E 

38.700 

ACTUAL  PROFILE  WT. 

357, 000 

ELEMENT  NUMBER 

I 

LOADING  WAVE 

RACKING  TYPE 

0  -  PEFF 

X  -  LOADING  WAVE 

far  field  theory 

X8-7C 

ALT  I TUOE 

ACTUAL  PROFILE  WT. 
ELEMENT  NUMBER 


1,40 
38o700 
357, 000 
I 


LOADING  WAVE 
0  =  PEFF 

X  =  LOADING  WAVE 


RACKING  TYPE 


't'i. 


llIM 


RECORDED  DATA 

XS-70 

1.8S 

ALTITUDE 

48, 000 

ACTUAL  PROFILE  WT. 

352, 000 

ELEMENT  NUMBER 

1 

LOADING  WAVE 

RACKING  TYPE 

0  =  PEFF 

X  =  LOADING  WAVE 
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A8ULATED  RESULTS 


PM  A  X 
PE  FF 
DAF 


PM  A  X 
PE  FF 
OAF 


PM  AX 
PE  FF 
OaF 


PM  A  X 
PF  FF 
DAF 


PM  AX 
PE  FF 
DAF 


pm,:x 

PEFF 

DAF 


PM  A  X 
PEFF 
DAF 


PM  AX 

PEFF 

DAF 


ELEMENT 

TYPE 

CONTRACTOR 

MACH  ALTITUDE  FIELD 

1 

RACK 

A 

1.25  40,899  NEAR 

3.31 

2. 

16 

3.37 

2.16 

3.37 

2.16  3.37  2.16  MEAN  2.76 

S .  D  • 

1,06 

4.83 

3. 

76 

4.72 

3.71 

5.50 

4.23  4.61  3.46  MEAN  4,35 

S.D. 

l  53 

1.46 

1. 

74 

1.40 

1,72 

l.'3 

1.96  1.37  1 ,60  MEAN  1.61 

S  ,  D  . 

0.20 

ELEMENT 

TYPE 

CCNTR  ACTOR 

MACH  ALTITUDE  FIELD 

1 

RACK 

A 

1.25  40,899  FAR 

4.36 

2. 

54 

4,36 

2,54 

4.36 

2.54  4.26  2.54  *EAN  3.45 

S.D. 

1,45 

6.42 

5. 

24 

5,85 

4.16 

5.97 

4.54  6.06  4,62  MEAN  5. *8 

S.D. 

1,88 

1.47 

2. 

06 

1.34 

1.64 

1.37 

1.7,  1.39  1,90  MEAN  1.62 

S.D. 

0.27 

ELEMENT 

TYPE 

CONTRACTOR 

MACH  ALTITUDE  HELD 

1 

RACK 

A 

1.50  44,599  NEAR 

3.15 

2. 

13 

3.19 

2  10 

3.21 

2.13  3.20  2.13  MEAN  2.65 

S.D. 

1.01 

5.44 

4. 

11 

4.77 

3.18 

4.74 

3.37  4.80  3.48  MEAN  4.24 

S.D. 

1.56 

1.73 

1. 

93 

1.50 

1.52 

1.48 

1.59  1.50  1.64  MEAN  1.61 

S.D, 

0.16 

ELEMENT 

TYPE 

CONTRACT  OR 

MACH  ALTITUDE  FIELD 

1 

RACK 

A 

1.50  44,599  FAR 

4.07 

2. 

55 

4.06 

2.52 

4.04 

2.55  4.03  2.55  MEAN  3.30 

S.D. 

1.31 

5.80 

4  . 

68 

6.58 

4.69 

5.63 

3.66  5.75  4.20  MEAN  5.13 

S.D. 

1.88 

1.44 

1. 

83 

1.62 

1.86 

1.39 

1.43  1.43  1.65  MEAN  1.58 

S.D. 

0.19 

ELEMENT 

TYPE 

CONTRACTOR 

MACH  ALTITUDE  FIELD 

1 

RACK 

A 

2.00  49,599  NEAR 

3.62 

1. 

85 

3.60 

1.83 

3.59 

1.80  3.57  1.45  MEAN  2.66 

S.D. 

1.30 

4. <72 

2. 

92 

4.93 

2.83 

5.06 

3.06  4.73  2.07  MEAN  3.81 

S.D. 

1.69 

1.36 

1. 

58 

1.37 

1.55 

1.41 

1.69  1.32  1.43  MEAN  1.46 

S.D. 

0.13 

ELEMENT 

TYPE 

CONTRACTOR 

MACH  ALTITUDE  FIELD 

1 

RACK 

A 

2.00  49,599  FAR 

3.62 

2. 

C  4 

3.60 

2.02 

3.60 

2.01  3.60  1.70  MEAN  2.77 

sVd. 

1.74 

4.9  7 

3. 

10 

6.00 

3,86 

5.50 

3.29  4.76  2.27  MEAN  4.22 

S.D. 

1.84 

1.37 

1. 

52 

1.66 

1.91 

1.53 

1.63  1.32  1.34  MEAN  1.54 

S.D. 

0.20 

ELEMENT 

TYPE 

CONTRACTOR 

MACH  ALTITUDE  FIELD 

1 

RACK 

A 

2.70  65,000  NEAR 

2.49 

1. 

05 

2.47 

1.04 

2.67 

1.19  2.  ,6  0.77  MEAN  1.79 

S.D. 

t.or 

3.25 

1. 

57 

3.29 

1.65 

3.64 

1.75  3,36  1.07  MEAN  2.45 

S.D. 

1.28 

1.31 

1. 

50 

1.33 

1 . 59 

1,36 

1.47  1.26  1.38  MEAN  1.40 

S.D. 

0.11 

ELEMENT 

TYPE 

CONTRACTOR 

MACH  ALTITUDE  FIELD 

1 

RACK 

A 

2.70  65,000  FAR 

2.48 

1. 

15 

2.46 

1.11 

2.66 

1.26  2 . C 2  0.85  MEAN  1.83 

:  ■  o. 

0.97 

3.86 

2. 

08 

3.20 

1.69 

3.82 

1.99  3.74  1.34  MEAN  2.72 

S.D. 

1.34 

1.55 

1. 

81 

1.30 

1.52 

1,43 

1.58  1,42  1.59  MEAN  1.53 

S.D. 

0.15 

B  -  3 


ELEMENT  type  CONTRACTOR  MACH  ALTITUDE  FIELD 

1  RACK  8  1.3  38,000  NEAR 

pM A X  2.77  1.94  2.85  1.94  2.84  1.94  3.09  1.94  MEAN  2.41  S.D.  0.91 

pp  pp  4.55  3.49  3.90  3.13  4.79  3.80  5.22  3.76  MEAN  4.08  S.D.  1.46 

DAF  l'.64  1.80  1.37  1.61  1,69  1.96  1.69  1.94  MEAN  1.71  S.D.  3.19 

rLEMENT  TYPE  CONTRACTOR  MACH  ALTITUDE  FIELD 

1  RACK  8  1.3  38,000  FAR 

PMAX  4.03  2.52  4.01  2.52  4.00  2.52  4.36  2.52  MEAN  3.31  S.D.  1.34 

PEFF  5.98  5.13  6.67  5.C9  5.54  3.85  5.58  4.09  MEAN  5.24  S.D.  1.89 

DAF  1.48  2.04  1.66  2.02  1.39  1.53  1.28  1.62  MEAN  1.63  S.D.  0.28 

ELEMENT  TYPE  CONTRACTOR  MACH  ALTITUDE  FIELD 

1  RACK  B  1.5  40,500  NEAR 

PMAX  2.85  1.96  2.88  1.91  2.91  1.96  2.90  1.96  MEAN  2.42  S.D.  0.91 

PEFF  4.22  3.29  4.76  3.60  4.65  3.31  4.33  2.88  MEAN  3.88  S.D.  1.40 

DAF  1.48  1.68  1.65  1.38  1.60  1.69  1.49  1.4?  MEAN  1.62  S.D.  0.14 

ELEVEN!  TYPE  CONTRACTOR  MACH  ALTITUDE  FIELD 

l  RACK  E  I.j  40,500  FAR 

PMAX  4.06  2.41  4.05  2.36  4.03  2.41  4.02  2.41  MEAN  3.22  S.D.  1.33 

PEFF  5.6C  3.66  6.24  4.57  6.43  4.47  5.42  3,30  MEAN  4„9o  >.0.  1. 

DAF  1.36  1.52  1.54  1.94  1.59  1.85  1.35  1.37  MEAN  l.J?  S.D,  u.22 

L-LEy-NT  TYPE  CONTRACTOR  MACH  ALTITUDE  FIELD 

r  RACK  e  2.2  45,000  NEAR 

PMAX  3.31  l  .69  3.42  l.?3  3.41  1.7  0  3.40  loo  MEAN  2.53  S.D.  1.2 

PEFF  4.47  2,69  4.71  2.60  4.84  2.7  2  <* .  !  8  2.3**  MEAN  3.6*  S.D,  ..61 

DAF  1.35  1.39  1.38  1.50  1,42  1.60  1.41  1.50  MEAN  1.47  S.D.  0.09 

FLE^LNT  TYPc  CONTRACTOR  m  ACH  ALTITUDE  FIELD 

1  RACK  D  2.2  45,000  FAR 

PMAX  3.31  1.74  3.67  1.72  3.65  1.69  3.64  1.66  MEAN  2.63  S.D.  I.c9 

pc  p p  4  cr  7  4.79  2.68  5.85  3.28  5  .  1  1  2.4  3  MEAN  3.90  S.D.  1.80 

JAF  1.3c  1 ! 4 6  1  .  31  1  .  56  1.60  l.>4  1.41  1.47  -DAN  1.51  S.D.  0.20 


r  L  E  M  ■  A  T  TYPE  r  DM  R  ACTOR  MACH  ALTITUDE  F  I  E  L  D 

T  RACK  8  2.7  59,000  NEAR 

p>  iM  a  X  2  .  52  1  .  2  7  2.50  1.06  2.72  1.1  9  2  ./  1  0.77  MEAN  1.82  S.D.  1.03 

pcFF  3  3f  i„  60  3  .  34  1.62  3.6?  L.74  3.41  1.08  Mf  AN  2.W  S.D.  1.30 

DAF  1.31  1.80  1.34  1.54  1.36  1.46  1.26  1.39  MEAN  1.39  S.D.  0.10 


0.  10 


fie*  M  TYPE  CDN  TRACTOR  MEh  ALTITUDE  FIELD 
RACK  R  2.7  89,000  TAR 

Pmax  2.48  1.15  2.46  1.11  2.66  1.26  2.62  0.85  MEAN  1.83  S.D.  0.97 

PEFF  3.86  2  .C9  3.20  1.70  3.8  3  2  .  3  1  3  .  75  1  .  3  5  MEAN  2.7.  S.>;.  1.34 

OAF  1.56  1.H2  1.30  1.53  1.44  1.89  1.43  1.60  MEAN  1.53  S.D.  0.15 


ELEMENT 

TYPE 

CONTRACTOR 

MACH  ALTITUDE  FIELD 

2 

RACK 

A 

1  .2.  40,89  9  NS F  A r’ 

PM  AX 

3.2  6 

2  • 

16 

3.32 

1.91 

3.31 

1.90  ?  50  2.16  MEAN  2.o9 

S.O. 

1.10 

PE  FF 

4. 36 

4 

v  t 

l  6 

5.27 

3.2  7 

5.04 

2.92  3.92  2.49  MEAN  3.80 

S .  D » 

1.56 

DA  r 

1.34 

i  * 

4  7 

1 . 3  1 

1.71 

1  .52 

1.54  1.12  1,16  MEAN  1.43 

S.O. 

G .  2  1 

ELEMENT 

T  Y  pi"; 

CONTRACTOR 

MACH  ALTITUDE  FIELD 

2 

R  A  C  K 

A 

1.25  40,899  FAR 

PM  A  X 

4 . 0  5 

L.  • 

54 

4.03 

2.25 

4.01 

2.23  4. 36  2.54  MEAN  3.25 

S.O. 

1.38 

PE  FF 

5.81 

0 

• 

39 

5.36 

3.07 

6.29 

3.92  6.11  3.67  MEAN  4.75 

S.D. 

1.94 

DAF 

1.43 

1  . 

53 

1.33 

1.37 

1.5  9 

1.76  1.40  1.45  MEAN  1.48 

S .  D. 

0.14 

ELEMENT 

TYPE- 

CONTRACTOR 

MACH  ALTITUDE  FIELD 

2 

RACK 

A 

1.50  44,599  NEAR 

PM  AX 

3.27 

1. 

90 

3.31 

L .  88 

3.33 

1.61  3.31  1.59  MEAN  2.53 

S.O, 

1.15 

PE  F  F 

3.46 

2  » 

51 

4 . 5  5 

2.86 

5.  16 

2.85  4.44  2.21  MEAN  3.57 

S.D. 

1.66 

DAF 

1.21 

i. 

j  •> 

1  .  38 

L  .  5  2 

1.55 

1.77  1.34  1.39  MEAN  1.43 

S.O. 

0.17 

DIE  ME 

NT 

TYPE 

CONTRACTOR 

MACH  ALTITUDE  FIELD 

2 

RACK 

A 

1.50  44,599  FAR 

PM  AX 

4.07 

2. 

2  6 

4  06 

2  .  26 

4.04 

1.9?  4.03  1.39  MEAN  3.06 

S.D. 

1.42 

PE  FF 

6.5  6 

4. 

26 

5 .36 

3.2  2 

5.24 

2.78  6.00  2.99  MEAN  4.55 

S.O, 

2.03 

DAF 

1.61 

]  . 

«9 

1  •  32 

1.43 

1 . 30 

1.45  1.49  1.59  MEAN  1.51 

S.O. 

0.19 

E  c.  F.  M  L- 

NT 

TYPE 

CONTRACTOR 

M  AC  H  ALTITUDE  FIELD 

2 

RACK 

A 

2.00  49, 549  NEAR 

PM  AX 

3.3? 

1. 

5  4 

3 . 2  9 

1.37 

3.04 

1.22  3.57  l .00  MEAN  2.28 

S.D. 

1.32 

PE  FF 

4.11 

2. 

V  C 

4.31 

2.27 

3.87 

1.68  4.10  1.36  MEAN  2.97 

S.O. 

1.54 

DA  F 

1 .24 

1  . 

♦  5 

1.31 

1.65 

1.2  7 

1.38  1.15  1.36  MEAN  1.35 

S.D. 

0.15 

rLE  ME 

NT 

TYPE 

CCNTR 

A  0  T  D  R 

MACH  ALTITUDE  FIELD 

? 

RACK 

A 

2.00  49,599  PAR 

PM  A  X 

3.41 

1  . 

87 

3.38 

1.62 

3.09 

1.  34  3.60  1  .15  M  F  AN  2.3  8 

C  n 

-  »  w  • 

1.  30 

PE  FF 

5.  CS 

•> 

4.  • 

6  6 

4 . 9  5 

2.5  3 

3.8  7 

1.62  4.4  1  1.68  M  f  AN  3.35 

S.D. 

1.75 

DA  F 

1 . 4  D 

I  » 

7  0 

1.46 

1.67 

1.25 

1.21  1.23  1.45  MEAN  1.43 

S.O. 

0.19 

F  L.  E  *> 

N  T 

TYPE 

CCNTR ACTOR 

m  ACH  Al.  T  1  TUCE  F  1  El  C 

C' 

RACK 

A 

2.70  65,  000  NEAR 

P  M  A  X 

2  .  3? 

C  . 

9  8 

2 . 29 

0 . 9  6 

2.25 

0.9 9  2.02  1  .06  M FAN  1.60 

S.D. 

0.8  3 

pe  r  f 

2.  7  6 

1  . 

2  0 

2 .89 

1.28 

2.88 

1.21  2.67  1.12  MEAN  2.00 

S.O. 

1.06 

DAF 

1.15 

1  . 

2  3 

1.27 

1.33 

1.28 

1.28  1,32  1.05  MEAN  1.24 

S.O. 

0.09 

N  1 

T  Y  PF 

CONTRACTOR 

*ACH  ALTITUDE  FIELD 

y 

RACK 

A 

2.70  65,000  FAR 

P  MAX 

? .  3  3 

1 

i  • 

2  0 

?  .  30 

0.9  9 

2.2  7 

0.9/  2.04  1 . G  8  MEAN  1.6  2 

S.O. 

0.83 

P  E  F , 

2.  46 

1  . 

3  3 

2  .  7  8 

1.15 

3.26 

!  42  2.89  1.26  MEAN  2.13 

S.O. 

1.12 

DAF 

1.27 

1  . 

12 

1.21 

1.17 

1.44 

1.47  1.42  1.17  MEAN  1.31 

S.O. 

C.  12 

ELEMENT  TYPE  CONTRACTOR  MACH  ALTTTUDF  FIELD 


2 

RACK 

0 

1.3  38 

,000 

NF  AR 

PM  AX 

2.98 

\  • 

74  3.00 

1.72 

2.99 

1.71  2.98 

1 .70 

MEAN  2.34 

s.  n. 

1 

.00 

PEFE 

A.  13 

2. 

76  4.56 

2.37 

4 .75 

2.77  3.67 

2.12 

MEAN  3.45 

S.D. 

1 

.44 

DAE 

1  .39 

1. 

58  1.52 

1.67 

1.59 

1.62  1.23 

1 .25 

MEAN  1.48 

S.O. 

o 

.  1  7 

ELEMENT 

TYPE 

CONTRAC  TOR 

MACH  ALTITUDE  FIELD 

2 

RACK 

B 

1.3  38 

,  000 

FAR 

PM  AX 

4.03 

2. 

26  4.01 

2.23 

4.00 

2.21  3.98 

2.2C 

ME  3  N  3.11 

S.O. 

1 

.36 

PEfF 

6.04 

3. 

73  5.25 

2.98 

5.58 

3.56  6.59 

3.7' 

'-'FAN  4.69 

S.O. 

1 

.OP 

OAF 

1.50 

1 . 

65  1.31 

1.  34 

1.40 

1.61  1.66 

1.72 

MFAN  1.  ’ 

S.D. 

0 

.  16 

element 

TYPE 

CONTRACTOR 

MACH  ALTITUDE  FIELD 

2 

PACK 

8 

1.5  40 

,500 

NEAR 

PM  AX 

2.99 

1. 

74  3.02 

1.  73 

3.04 

1.48  3.0  3 

1.46 

MEAN  2.31 

S.D. 

! 

.04 

Pt  FF 

6.  10 

3. 

0  4.35 

2.6  1 

3.7  5 

1  .96  4.  1  R 

2.14 

MEAN  3.43 

S.O. 

1 

.54 

OAF 

1  .71 

1 . 

96  1.44 

1.51 

1.23 

1.32  1.38 

1.47 

MEAN  1.50 

S.D. 

0 

.  2  3 

ELEMENT 

TYPE 

CONTRAC  TOR 

MACH  AL 

TITUDE  FIELD 

o 

RACK 

3 

1.5  40 

,500 

FAR 

PM  A  X 

4.06 

2. 

14  4.05 

2.14 

4 . 0  3 

1.8  3  4.  02 

1 .  79 

MEAN  3.01 

S.D. 

1 

.44 

PEFF 

6.78 

4. 

39  5.8  1 

3.46 

5.19 

2.53  4.95 

2.  56 

MEAN  4.46 

S .  0 . 

1 

.  0  6 

OAF 

1  .67 

?. 

04  1.43 

1.62 

1.29 

1.39  1.23 

1.  43 

MFAN  1.51 

S.D  . 

0 

-  2  6 

ELEMENT 

TYPE 

CONTRAC  TOR 

MACH  At 

! U’DE  FIFLD 

2 

R  A  C  K 

3 

2.2  45 

,00  c 

NF  AR 

PM  AX 

3.12 

1  . 

24  3.08 

1.20 

3.04 

1.21  4.7 4 

1  3  6 

MFAN  2 . 1 2 

S  .  n . 

1 

.  1  4 

PEFF 

3.  75 

1. 

89  4. 23 

2 .  1  6 

3 . 94 

1.59  3.48 

i  ♦.  s  7 

mfa  N  ’ . «  2 

S.D  . 

1 

.44 

DA  F 

1.20 

1  . 

5 3  1.39 

1.81 

l  .  2  6 

1.3?  1.31 

1 .08 

MEAN  1.34 

S . r' . 

0 

>  7 

ELEME 

NT 

T  Y  P  F 

l.  IN  T  RAC  TOR 

MACH  At 

T  i  1  V 

IF  F  I  FI  f* 

7 

c  A  C  K 

B 

4  4 

,  00  0 

p  AM 

PM  AX 

3.07 

1  . 

4(3  3.03 

l.  38 

3.01 

l  .  2  9  2 .  7 1 

1  .  «4 

MF AN  2.1  1 

S  .  D  . 

1 

•  >  J 

PEFF 

4.71 

2  • 

3  s  4  .  5  2 

2.3  5 

3.82 

!  .  -iO  3.4h 

1.48 

MFAN  3.11 

9 . 0  . 

1 

,1  l 

D  A  f 

1  .  6  3 

i . 

6  7  1 . 6  2 

1  .  70 

1  ,  '7 

1.24  1.31 

i ,  or 

MEAN  ! 

4 . 0 

f  L  *  Mf 

NT 

T  Y  >  • 

C  IN T  RAC  TOM 

MACH  A! 

T  I  TU 

31  f  I  M  2 

7 

4’  fa  ;  K 

(3 

2.  7  5  9 

■  1  ;1 
,  V  .  '  V 

N  F  A  p 

PM  A  X 

2  -■»*■> 

v  :  * 

VO  3  2 

0.  7 

>  .  2  9 

0.  5  4  2.04 

1  .  0  7 

Mu  A  N  1.6  3 

S  .  H  . 

'1 

.  P 

PL  F  > 

2.31 

1  * 

2  3  * .  3  v 

i  >  7 

2  .  ->  2 

1 . 2  3  2.  7  1 

1.13 

Mr  AN  2.2’ 

S.  H. 

.  >  1  7 

i)  A  F 

!  .  1  '1 

\ 

L  * 

»4  1.24 

’.31 

1  .  2  9 

1  . 1.3' 

1  .  0' 

Mf  AN  1  .  2 •» 

4  .  . 

■  *1 

i  ■ ; 

i  L  • 

NT 

T  Y  (> 

1  1-.TRAL  I 

*M>‘  Ai 

TITUDE  PHI  4 

> 

A  L  K 

2  .  7  S  V 

,  0  00 

F  AR 

PM  AX 

’.  3  > 

1 

•j  ■  ' 

)Q 

^  .  •'  -f 
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N  1 
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MEAN  1.41 
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0.13 
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R  A ..  K 
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1.17 
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MEAN  1.36 

S.D. 
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ELEMENT  TYPE  CC  N  T  R  ACT  MACH  ALTITUDE  FIELD 

3  RACK  B  1.3  38,000  NEAR 

PM 6 X  3.08  2.53  3.07  2.48  3.06  2.43  3.09  2.38  MEAN  2,77  S.D.  0.93 
PEFF  3.79  2.92  4.77  3.63  5.27  3.97  4.95  3.55  MEAN  4.10  S.D.  1.52 

DCF  1.23  1.15  1.55  1.46  1.72  1.63  1 . 6C  1.49  MEAN  1.48  S.D.  0.20 

ELEMENT  TYPE  CONTRACTOR  MACH  altitude  field 

3  RACK  e  1.3  38,000  FAR 

PM  A  X  4.16  3.28  4.15  3.  22  4.14  3.16  4.  14  3,08  MEAN  3.67  S.D.  1.26 

PEFF  5,0C  3.53  5.69  *  34  7.27  5.39  7.44  5.29  MEAN  8.49  S.D.  2,17 

DA F  1.20  1.08  1.37  1,35  1.76  1.71  1,30  1,72  «EAN  1.50  S.D.  0.23 

ELEMENT  T v  PE  CONTRACTOR  M ACH  ALTITUDE  FIELD 

3  RACK  8  1.5  40,500  NEAR 

PM  A  X  3.06  2.33  3.01  2.16  2.99  2.09  3.03  1.86  MEAN  2.57  S.D.  0.95 

PEFF  3.89  3.03  3.71  2.76  4.41  3.21  5.07  3.56  MEAN  3.71  S.D.  1.39 

DA,'  1 . 2 7  1.30  1.23  1.28  1.47  1.53  1.68  1.92  MEAN  1.46  S.D.  0.24 

ELEMENT  TYPE  CONTRACTOR  MACH  ALTITUDE  FIELD 

3  RACK  8  1.5  40, 500  FAR 

PM  A  X  3.94  2.87  3.93  2.67  3.91  2.5  9  3.90  2.30  MEAN  3.26  S.D.  1.25 

PEFF  4.8C  3.36  4.71  3,19  5.18  3.71  to. 33  4.26  MEAN  4.44  S.D.  1.74 

DA F  1.22  1.17  1  ,  20  1.20  1.32  1.43  1.62  1.85  MEAN  1.36  S.O.  0.25 

ELEMENT  TYPE  CONTRACTOR  MACH  ALTITUCE  FIELD 

3  RACK  6  2.2  45,000  NEAR 

PM  A  X  3.1  3  1.94  3.09  1.30  3.06  1.68  3.02  1.55  MEAN  2.41  o.J.  1.04 

PEFF  3.75  2.56  3,76  2.49  3.67  2.37  3,67  2.25  MEAN  3.07  S.D.  1.19 

DAF  1.2C  1  ,  32  1,22  1.38  1,20  1.41  1.2!  1.45  MEAN  ’.30  S.D.  0.10 

element  type  CONTRACTOR  * ACH  ALTITUCF  FIELC 

3  RACK  8  2.2  45,000  FAR 

PM  AX  3.25  2.05  3.22  1.88  3,18  1.69  3.14  1.52  MEAN  2.50  S.D.  1.08 

PEFF  3.8  4  2.55  3.85  2.45  3.77  2.35  4.31  2,72  MEAN  3.23  S.D.  1.28 

DAF  1.18  1.24  1.20  1,31  1.19  1.43  1.37  l.toS  MEAN  1.32  S.D.  0.17 
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2.00  49,599 

FAR 

PM  AX 
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1.79  1.70  1.99 

MEAN  1.54 
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ELEMENT  TYPE  CCMR  ACTOR  M  6CH  ALTITUDE  FIELD 

4  RACK  A  2.70  65,000  NEAR 

PH  A  X  2,24  1.28  2.4 0  1.47  2.38  1.30  2.36  1.25  MEAN  1.84  S.D.  0.79 

PEFF  2.86  1.96  3.14  2.16  3.07  2.02  3.18  2.17  MEAN  2.57  S.D.  0.97 

DAF  1.28  1.53  1.30  1.47  1.29  1.55  1.35  1.73  MEAN  1.44  S.D.  0.16 


FLE'MEM  TYPE  CONTRACTOR  MACH  ALTITUDE  FIELD 
4  RACK  A  2.70  65,000  FAR 

PM  A  X  2.  31  1.36  2.41  1.58  2.42  1.37  2.39  1.32  MEAN  1.89  S.D.  0.79 

PEFF  2.9C  2.00  3.90  2.78  3.86  2.63  3.02  1.98  MEAN  ?.88  S.D.  1.16 

OAF  1,26  1.47  1.62  1,76  1.60  1.92  1,26  l.^O  MEAN  1.55  S.D.  0.23 
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ELEMENT  type  CONTRACTOR  MACH  ALTITUDE  FIELD 

4  RACK  e  1.3  38,000  NEAR 

3.0C  2,50  3.00  2.60  3.07  2.50  3.07  2.46  MEAN  2.77  S.D.  0.92 
5.5C  4.40  5.09  4.16  4.19  3.16  4.20  3.18  MEAN  4.23  S.D.  1.56 

1,83  1.76  1.70  1.60  1.36  1.26  1.37  J..29  MEAN  1.52  S.D.  0.23 

ELEMENT  TYPE  CONTRACTOR  MACH  ALTITUDE  FIELD 

4  RACK  e  1.3  38,000  FAR 

3.99  3.24  4.16  3.38  4.15  3.24  4,15  3.19  MEAN  3.69  S.D.  1.25 

7.78  6.22  7.75  6.28  5.99  4.52  5.f  3.90  MEAN  6,01  S.D.  2.3? 

1.95  1.92  1.86  1.86  1.44  1.39  1 .  jG  1.22  MEAN  1.63  S.D.  0.30 

ELEMENT  TYPE  CONTRACTOR  MACH  ALTITUDE  FIELD 

4  RACK  6  1.5  40,500  NEAR 

3.03  2.40  3,02  2.35  3.06  2,29  3.00  2.13  MEAN  2,66  S.D.  0.93 

5.32  4.24  5.79  4.62  5.27  3.93  3.94  2.90  MEAN  4.50  S.D.  1.70 

1.76  1.77  1.91  1.97  1.72  1.71  1.31  1.36  MEAN  1.69  S.D.  0.24 

ELEMENT  TYPE  CONTRACTOR  MACH  ALTITUDE  FIELD 

4  RACK  8  1.5  40,500  FAR 

3.96  2.97  3.95  2.91  3.94  2.83  3.92  2.63  MEAN  3.39  S.D.  1.22 

6.41  5.01  7.44  5.80  7.06  5.19  5.40  3.79  MEAN  5.76  S.D.  2.16 

1.62  1.68  1.88  2.0C  1.79  1.84  1.38  1.44  MEAN  1.70  S.D.  0.22 

ELEMENT  TYPE  CONTRACTOR  MACH  ALTITUDE  FIELD 

4  RACK  B  2.2  45,000  NEAR 

3.32  2.17  3.14  1,98  3.11  1.83  3.08  1,72  MEAN  2.54  S.D.  1.04 

4.26  3 . C 3  4.33  3.17  4.99  3.54  4.74  3,12  MEAN  3.90  S.D.  l.<5 

1.28  1.40  1.38  1.60  1.60  1.93  1.54  1.81  MEAN  1.57  S.D.  0.22 

ELEMENT  TYPE  CONTRACTOR  MACH  ALTITUDE  FIELD 

4  RACK  8  2.2  45,000  FAR 

3.33  2.30  3.27  2.09  3.23  1.91  3.20  1.73  MEAN  2.63  S.D.  L.07 

4.33  2.20  5.39  3.87  5.79  3.99  5.14  3,37  MEAN  4.38  S.D.  1.67 

1.3C  1,39  1.65  1.85  1.79  2.09  1.61  1.95  MEAN  1.70  S.D.  0.27 

ELEM-NT  TYPE  CONTRACTOR  M  ACH  ALTITUDE  FIELD 

4  RACK  P  2.7  59,000  NEAR 

P.33  1,32  2.47  1.52  2.45  1.33  2.4?  1.28  MEAN  1.P9  S.D.  0.82 

2.95  2.C2  3.22  2.23  3.16  2.07  3.23  2.14  MEAN  2.63  S.D.  0.99 

1.27  1.53  I.jO  1.47  1.29  1.55  1.34  1.68  MEAN  1.43  S.D.  0.15 

ELEM-NT  type  CONTRACTOR  MACH  ALTITUDE  FIELD 

4  RACK  H  2.1  59,000  FAR 

2.31  1  .  36  2.41  1  .  58  2.42  1.37  2.39  1  .  32  MF AN  1.09  S.D.  9.79 

2.9C  2.00  3.90  2.78  3.86  2.63  3.0?  l.‘>8  MEAN  2.88  S.D.  1.16 

1.26  1.47  1.62  1.76  1.60  1.92  1.26  1.50  MEAN  1.55  S.D.  0.23 
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F  i.  E  m  : 

NT 

TYPE 

CC  MR  ACTOR 

MACH  AITITUCE  FIELD 

£, 

RACK 

A 

1.25  40,899  NEAR 

PM  A  X 

3.  1  C 

L  o 

7  5 

3,0:? 

2.67 

3.14 

2.75  3.10  2.63  MEAN  2.90 

S  .  b , 

0.94 

PE  FF 

1 .4? 

1  , 

1  3 

1.43 

1  .  14 

1.49 

1  ,  lfj  1.49  1.16  MEAN  1  .  30 

5 . 0 . 

0.44 

DA  F 

0.46 

C  * 

4  1 

0.47 

0.4  2 

0.4  7 

0.42  0.49  0.44  MEAN  0.45 

$  .  F, . 

C.  03 

F  L  E  M  r 

M 

TYPE 

CCMR  ACTOR 

MACH  ALTITUDE  MELD 

C 

RACK 

A 

1,25  40,999  FAR 

PM  AX 

3.71 

'4 

W.  » 

7  7 

3.69 

3.18 

3.73 

3.23  3.70  3.12  MEAN  3.45 

S.D. 

1.12 

PE  FF 

1 .24 

1. 

C  3 

1.31 

1.0  3 

1.35 

1.05  1.37  1.06  MEAN  1.19 

s  .0. 

0.40 

[)A  F 

0. 3  6 

t. 

3  1 

0.  36 

0.3  2 

0.36 

0.3  3  0  .  3  7  0  .  ? 4  MEAN  0.34 

S.D. 

0.02 

E  L  E  * : 

NT 

T  y  dc 

CCNTRACTOR 

MACH  AITITUCE  FIELD 

5 

TACK 

A 

1.50  44,599  NEAR 

PM  A  X 

2.51 

* 

10 

2.56 

2.17 

2,46 

2.10  ,52  2.13  Mean  2.32 

S.D. 

0.76 

PE  FF 

115 

C. 

94 

1 ,24 

0.9  7 

1.25 

0.97  1.26  0.97  MEAN  1.10 

S.D. 

0,38 

DA  F 

0 .  '•  7 

c. 

45 

0.48 

0.45 

0.51 

0,46  0.50  0.46  MEAN  0.47 

S.D. 

0.02 

t  t  K  L 

M 

TYPE. 

CONTRACTOR 

MACH  AITITUCE  FIELD 

c: 

RACK 

A 

1.50  44,469  EAR 

PM  A  X 

2.95 

2 . 

3  6 

3.07 

2.6C 

2.96 

2.52  3.06  2.56  MEAN  2.79 

S.D. 

0.91 

PE  CF 

1.23 

n 

»w  * 

9  7 

1.27 

0.99 

1.28 

0.99  1.31  1.00  MEAN  1.13 

S.O. 

0.39 

OAF 

0.4  l 

r 

L  * 

3  3 

0.41 

0.3  8 

0.4  3 

0.39  0.43  0.39  MEAN  0.40 

S.D. 

0.02 

ELEME 

NT 

TYPE 

CCNTRACTOR 

MACH  ALTITUDE  FIELD 

s 

RACK 

A 

2.00  49,599  NEAR 

PM  A  X 

2.29 

1. 

8  2 

2.25 

1.7  6 

2.22 

1.73  ? • 26  1. 72  MEAN  2.01 

S.D. 

0.69 

PE  FF 

1.  1C 

C. 

86 

1  .  1 1 

0.9  5 

1.11 

0.85  1  .  13  0.35  MEAN  0  -  9  9 

S.D. 

0.34 

DAF 

0.4° 

c. 

4  7 

0.49 

0.49 

0.50 

0.49  0.50  0.50  MEAN  0.49 

S.D. 

0.01 

ELEMt. 

NT 

type 

CONTRACTOR 

MACH  ALTITUDE  FIELD 

5 

;<  a  c  k 

A 

2.00  49,599  FAR 

PM  AX 

2.  3C 

• 

0  7 

2.2  8 

2.01 

2.31 

2.02  2.28  1  ,o7  MEAN  2.  ’  5 

S.D. 

0 .  b9 

PF  Ff 

1.0  9 

C. 

8  5 

1.09 

0.84 

1.11 

0.85  1.12  0.85  MEAN  0.97 

S.D. 

0.  33 

DAF 

0.47 

C  . 

4  l 

0.48 

0.4  2 

0.48 

0.42  0.49  0.43  MEAN  0.45 

S.D. 

0.03 

El  EVE 

NT 

Type 

CCNTRACTOR 

MACH  ALTITUDE  FIELD 

5 

RACK 

A 

2.70  65,000  NEAR 

PM  AX 

1.3' 

1. 

2  9 

1 .52 

1.25 

1.55 

1.24  1.59  1.23  MEAN  1.40 

S.D. 

0.47 

PE  FF 

0. 73 

L . 

61 

0.79 

0.62 

0.81 

0.62  0.82  0.62  MEAN  0.71 

S.O. 

0.24 

DAF 

0.51 

L 

48 

0.  ^ 2 

0.49 

0.52 

0.50  0.51  0.50  MEAN  0.50 

S.D. 

0.02 

ELEMENT 

TYPE 

CCNTRACTOR 

MACH  ALTI.UCE  FIELD 

5 

RACK 

A 

2.70  65,000  FAR 

PM  AX 

1.61 

1. 

4  0 

1.60 

1.35 

1 . 59 

1.35  1.59  1.35  MEAN  1.48 

S.D. 

0.48 

PE  FF 

0. 79 

C. 

61 

C.  80 

0.62 

0.82 

0.62  0.B2  0.63  MEAN  0. 71 

S.D. 

0.25 

DAF 

0.45 

L  » 

44 

0.5  0 

0.4' 

0.5  1 

0.46  0.5?  0.46  MEAN  0.48 

S.D. 

0.03 

ELEMENT 

TYPE 

CONTRACTOR 

MACH  ALTITUDE  FIELD 

f; 

RACK 

E 

1.3  38,000 

NEAR 

PM  4  X 

2.87 

2. 

29 

2.98 

2.38 

2.96 

2.33  2.80  2.24 

MEAN  2.61 

S.D, 

0,38 

PE  F  F 

1.29 

i. 

03 

1.34 

1 .05 

1.36 

1.06  1.38  1.08 

MEAN  1.20 

S.D. 

0,41 

DAF 

0.45 

C. 

45 

0.45 

0.44 

0.46 

0.45  0.49  0.48 

MEAN  0.46 

S.D. 

0.02 

ELEMr 

NT 

TYPE 

CONTRACTOR 

MACH  ALT.TUDE  FIELD 

5 

RACK 

8 

1.3  38,000 

FAR 

PM  A  X 

3.37 

2,. 

9? 

3.44 

2.96 

3.36 

2.87  3.44  2.90 

MEAN  3,16 

S.D. 

1.0  3 

PE  FF 

1.2C 

C. 

O  **> 

1.22 

0.94 

1.24 

0.96  1.28  0.98 

MEAN  1.09 

S.D. 

0.38 

OAF 

0.36 

c. 

32 

0.36 

0.32 

0.37 

0.33  0.37  0.34 

MEAN  0,34 

S.D. 

0.02 

ELEMENT 

TYPE 

CONTRACTOR 

MACH  ALTITUDE  FIELD 

5 

RACK 

e 

1.5  40,500 

NEAR 

PM  A  X 

2.37 

*  * 

93 

2.44 

1.99 

2.36 

1.94  2.47  1.96 

MEAN  2.18 

s .  o . 

0.7  3 

PE  FF 

1.17 

c. 

92 

1.18 

0.9? 

1.19 

0.93  1.22  0.95 

MEAN  1.06 

S.D. 

0.36 

DA  F 

0.45 

c. 

48 

0.48 

0.46 

0.51 

0.4a  0.50  0.48 

MEAN  0.48 

S.D. 

0.01 

EL.EME 

NT 

TYPE 

CONTRACTOR 

MACH  ALTITUCF  FIELD 

5 

RACK 

B 

1.5  40,500 

FAR 

PM  A  X 

2.84 

2. 

39 

2.93 

2.45 

2.82 

2.39  2.94  2.41 

MEAN  2.65 

S.D. 

0.87 

PE  FF 

1 .16 

C, 

90 

1 .18 

0.91 

1.20 

o 

• 

• 

O 

• 

v-J 

MEAN  1.05 

S .  D . 

C.  36 

DaF 

0.41 

C. 

33 

0.40 

0.37 

0.43 

0.38  0.4?  0.38 

MEAN  0.40 

S.D. 

0.02 

element 

TYPE 

CONTRACTOR 

MACH  ALTITUE 

;E  FIELD 

Ci 

. 

RACK 

B 

2.2  45,000 

NF;  AR 

PM  AX 

2.05 

1. 

72 

2.06 

1.71 

2.07 

1.70  2.04  1.69 

MEAN  1.88 

S.D. 

0,6  2 

PE  FF 

1.04 

c. 

79 

0.99 

0.76 

1.02 

0.77  1.0?  0.76 

*'r,AN  0.89 

S  .  0 . 

0.31 

DAF 

0.51 

c. 

A6 

0.43 

0.44 

0.49 

0.45  0.50  9.45 

MEAN  0,47 

S.D. 

0.03 

ELEMC 

NT 

TYPE 

CCNT 

R ACTOR 

MACH  ALTITUDE  FIELD 

5 

RACK 

P 

2.2  45,000 

F  AR 

PMAX 

2 .  2  ^ 

l . 

)  7 

2.20 

1.91 

2.22 

l .9 1  2  18  1.86 

MEAN  2.06 

S.D. 

0 .  ft  7 

PE  tf 

1.1/ 

C. 

89 

1.08 

0. 8C 

1.06 

9.7 9  1.06  0.79 

M  F  AN  0.96 

S.D. 

0.  3  4 

DAF 

0.53 

C. 

4  5 

0.49 

0.4? 

0.48 

0,41  0.49  0.42 

Mi  AN  0.46 

S.D. 

0.04 

;•  L  E  M  c 

N  T 

TYPE 

CONTRACTOR 

MACH  ALTITUDE  FIELD 

6 

R  A  C  K 

e 

2.7  59,000 

NF  AR 

PMAX 

1.60 

1  . 

70 

1.59 

l .  27 

1.60 

1.26  1.63  1.25 

MEAN  1.44 

S.D. 

C  .  4  9 

pc  F  F 

0 . 8  1 

C  , 

6  3 

0 . 8  2 

0.6  4 

0.83 

G . 6  4  0 . " 4  0.64 

MEAN  3.73 

S.D. 

0 .  ?  6 

DAF 

0 . 5  C 

c . 

i  9 

0 . 5  2 

0 .50 

0.5? 

0.51  0 . 1 .  0.51 

M  F AN  0.8  1 

S  .  0 . 

0.01 

c  L  E  *•' 

N  7 

Type 

C rNTR ACTOR 

w  AlH  MT  IT"’ 

FIELD 

c 

R  A  C  K 

8 

2.7  59,000 

f  AR 

PMAX 

1.5'; 

1 . 

.0 

1.57 

i  .  35 

1.57 

1.35  1.59  1.35 

MEAN  1.47 

S.D. 

9 . 4  8 

PE  FF 

0.  7  - 

C  . 

<j  1 

0 . 8  0 

0.62 

0.8 

0.6?  0.8?  0.62 

MEAN  0.71 

S  •  i  • 

0 .  ?  5 

DAF 

0.4") 

c . 

*,  4 

0.5  1 

0 . 4  * 

0.5? 

0.46  0.8?  0.4_, 

MEAN  0.48 

S  •  u  • 

0 , 0 .3 

CLEMENT  TYPE  CON!  TRACT  ok  MACH  ALTITUDE  FIELD 


6 

PACK 

A 

1  .  ? 5  40 

,899 

NEAR 

PM  AX 

0.49 

3. 

3  5  3.4b 

3.  1  2 

3.51 

3.16  3.53 

3,14 

MEAN  3.32 

5  .  D  . 

1 .06 

Pc  F  F 

3. OB 

2 . 

75  3.14 

2.  7 

3.22 

2.86  3.34 

3.  IP 

MEAN  3,04 

s.  n. 

0,98 

DAE 

0  .  B  8 

0. 

8?  0.91 

0.  3  9 

0.92 

0  a  9  0  0  .95 

1.01 

MEAN  0.92 

s.n. 

0.04 

ELEMENT 

TYPE 

CON  TRAC  TOR 

MAC  >8  4L 

T1TUDE  FIELD 

RACK 

A 

1.25  40 

,  8  9° 

FAR 

PM  AX 

3.80 

8. 

43  3.79 

3.41 

3.8  7 

3.44  3.84 

3.4  7 

MEAN  3.63 

5.D. 

1.16 

P  t  F  F 

2.83 

2 . 

68  3.22 

3.13 

3.  74 

3.59  4.21 

4.00 

MEAN  3.42 

5.  D. 

1.21 

D  A  F 

0  «  7  4 

0. 

78  0.85 

0.  92 

0.9  7 

1.04  1.09 

1.15 

MEAN  0.94 

5.0. 

0.  1  s 

FLEMf  NT 

TYPE 

CONI' 

3 AC  TOR 

MACH  ALTITUDE  E1ELP 

6 

P  ACK 

A 

1.5  44 

,599 

NE  AO 

PM  AX 

3.  18 

2. 

76  3.2  3 

2.  79 

3.19 

2.77  3.14 

2.  7  7 

MEAN  2.98 

5.0 . 

0. 9  7 

P  E  F  F 

2.6? 

2. 

32  2.  74 

2.41 

2,79 

2,45  2.84 

2.49 

MEAN  2.5  8 

5.0. 

0 . 3  3 

OAF 

0.82 

0. 

84  0. 85 

0.  86 

0.8  7 

0.88  0.89 

0.90 

MEAN  0.57 

S.D. 

0.03 

ELEMENT 

T  YPE 

CON  TRAC  TOR 

MACH  ALTITUDE  FIELD 

4 

RACK 

A 

1.5  44 

,  5  99 

c  ’  R 

P  M  A  X 

3.5  3 

3. 

41  3.57 

3.4  4 

3.61 

3.40  3,43 

3.40 

MEAN  3.50 

s.n. 

1.11 

PET  F 

2.73 

«.  • 

42  2.82 

2.  4  9 

2.37 

2.7 4  3.35 

3.18 

MEAN  2.83 

5.0. 

o  „  9  4 

OAF 

0.77 

0. 

71  0.79 

0.  7? 

0.  79 

0.81  0.92 

0.94 

MEAN  0.8! 

S.o. 

0. 0  8 

ELF  ME  NT 

TYPE 

CONTRAC TOR 

MACH  AL 

TITUDE  FIELD 

6 

RACK 

A 

2.0  4  8 

,  49Q 

NF  AR 

P  M  A  X 

3.00 

2. 

58  2.97 

2.44 

2.94 

2.53  3.33 

?  .  5  7 

MEAN  2.77 

5.0. 

0 .  u  0 

Pi:  FF 

2.46 

, 

18  2.40 

2.  >0 

2.51 

2.20  2,54 

2.24 

Mr  AN  2.  36 

s .  n . 

0.  7  6 

OAF 

0.82 

0, 

84  0.84 

0.  8  7 

0.  84 

0.87  0.34 

0.87 

Mr.\N  0.85 

5.0  . 

11.8,1 

t  L  EMF 

TYPE 

'  ONI  RAC  TO-' 

MACH  A1 

T  ITU 

Dt  FIHH 

i  2 

Pi  A 1  t 

A 

2.00  99 

,  S  99 

f  A  R 

PM  AX 

2  .  9  6 

? 

*.  m 

8  5  ?  .  7  4 

2.  79 

2 .98 

2.81  3.40 

2.81 

MEAN  2.89 

5.P. 

0 . 9  2 

P  F  f  F 

2.43 

J  m 

l 6  2.46 

2.  1  7 

2  .  4  9 

2.19  2. 44 

2.  V 

MEAN  3  3 

5.0. 

0.  7‘- 

OAF 

0.82 

0. 

76  0.8  4 

0.  78 

0.84 

0.78  0,84 

0.  79 

MEAN  ).  3  l 

5.0  . 

0.0  8 

F  L  F  Mf 

NT 

T  YP1 

CONTRAC  TOR 

MACH  AT 

T  I  TUOF  F  I  El  D 

6 

RACK 

A 

2.7  44 

,  000 

NT  AR 

PM  AX 

2 . 0  7 

1  . 

BY  2.10 

1  .  84 

2.13 

1  .86  2.  1  > 

i  .  8  6 

M  E A  N  1.98 

S .  0 . 

0.64 

P  t  F  F 

1  .  78 

1  . 

49  1  . 8  1 

1  .  4  0 

1  .  34 

1.62  1.87 

MEAN  1.72 

5.0. 

0 . 4  5 

i )  A  F 

0.86 

0 . 

8  6  0.8  7 

0.  8  7 

0. 86 

0 . 3  8  (1.86 

MEAN  0 . 8  7 

5.0. 

0.0  1 

t  L  F  ME 

NT 

TYPE 

)N  TRAC  i  OR 

M,AC.  H  Al 

TITUOf  FIELD 

6 

R  AC  * 

A 

2.  7  4  4 

.  9(10 

EAR 

P  M  A  X 

2 .  1  2 

2  . 

0  3  2  .  i  2 

2.01 

2.16 

2.0?  2.  IS 

2  .  '3 

Mi  AN  2.03 

5.4. 

o  .  4  6 

P 1  ^  f 

1.77 

i  «• 

60  1.82 

1.4  1 

1  . ? 

i  .  6  4  i  .  4  8 

1  .  7  4 

MF  A  N  1  .  7 4 

5.0. 

0  .  S  6 

1')  A  F 

0 . 8  4 

0. 

79  0.8  6 

0.  80 

0.  86 

0 . 8  1  0 . 8  8 

0 . 8  6 

MEAN  0.84 

5.0. 

0.0  8 

o .  4  h 
0  .  s  6 
0.0  1 


ELEMENT  TYPE  CONTRACTOR  MACH  ALTITUDE  FIELD 
6  RACK  8  1.3  38,000  NEAR 

p M AX  3.06  2.63  3.16  2.  72  3.15  2.70  3.02  2.57  MEAN  2.88  S.D.  0.04 

PE  EE  2.77  2.45  2.89  2.  54  2.95  2.58  2.97  2.61  MEAN  2.72  S.D.  0.8« 

DAE  C. 9 1  0.93  0.3.  0.  94  0.93  0.96  0.98  1.02  MEAN  0.95  S.D.  0.04 

ELEMENT  TYPE  CONTRACTOR  MACH  ALTITUDF  FIELD 

6  RACK  9  1.3  38,000  FAR 

PM  AX  3.63  3.30  3.64  3.  32  3.63  3.36  3.67  3.36  MEAN  3.49  S.D.  1.11 

PE  EE  2.59  2.26  2.66  2. 31  2.73  2.37  2.79  2.42  MEAN  2 .  r>  1  S.D.  0.82 

DAF  0.71  0.68  0.73  0.70  0.75  0.71  0.76  0.72  MEAN  0.72  S.D.  0.03 

ELEMENT  TYPE  CONTRACTOR  MACH  ALTITUDE  FIELD 

ft  PACK  B  1.5  40,500  NEAP 

PM  AX  3.08  2.63  2.89  2.57  2.85  2.54  2.9  1  2.56  MEAN  2.75  S.D.  0.«9 

PE  EE  2.64  2.31  2.61  2.29  2.66  2.33  2.73  2.38  MEAN  2.49  S.D.  0.81 

DAE  0.86  0.88  0.90  0.89  0.93  0.9?  0.94  0.93  MEAN  0.91  S.D.  0.03 

ELEMENT  TYPE  CONTRACTOR  MACH  ALTITUDE  FIELD 

6  RACK  B  1.5  40,500  F A R 

p  M  AX  3.  35  3.09  3.4  1  3.  14  3.39  3.  13  5.4  7  3.13  MEAN  3.27  S.D.  1.04 

PE  FE  2.5  0  2.18  2.5  8  2.25  2  .65  2  . ?9  2.7/  2.8  5  MEAN  2.4  4  S.D.  0.7  9 

DAE  0.75  0.70  0.76  0.71  0.78  0.73  0.78  0.75  MEAN  0.75  S.D.  0.03 

ELEMENT  TYPE  CONTRACTOR  maCH  ALTITUDE  FIELD 

6  RACK  B  2.2  43,000  NEAR 

P  M  AX  2.67  2  .  3 c  2.71  2.4  2  2.73  2.4  3  2  .  7  1  ’.39  MEAN  2.3ft  S.D.  '1.8? 

PE  FE  2.  16  1.89  2.2?  1.9  3  2.26  1  .97  ?.?9  1.98  MMN  7.09  6.0.  0.38 

OAF  0.8  1  0.  79  0.  8?  0.80  0.8  3  0.81  (1.R5  0.87  MEAN  0 . 3 7  3.0.  n.ft’ 


ELEMENT  TYPE  CONTRACTOR  MACH  ALTITUDE  HO  0 


ft 

RACK 

H 

?  .  2 

43, 000 

FAR 

P  M  A  X 

2.8ft  2- 

7  5  2  .  9  1 

?.6‘> 

2.9  3 

2 . 6  9  ? 

.89  2.69 

ME  AN 

0 

• 

8  0 

S.D. 

0.  9  9 

PE  FE 

’.23  1  . 

96  2.  30 

2 . 0  0 

2  .  '  ? 

2.0ft  2 

. 39  2.0ft 

ME  A  N 

1 

1  7 

S.D. 

9.  7  0 

DA  f 

0.79  v . 

/?  0.  79 

C.  74 

0.9  1 

0  .  7ft  0 

.9.7  0  .  76 

MF  AN 

0. 

7  7 

S.D. 

0.0  7 

1  L  E  ME  N  T 

TYPE 
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1.14 

1.52 

1.  15 

1. 54 

1-17  1.56  1.19 

MEAN  1.35 

S.D. 

0.47 

PEFF 

3.56 

i.70 

5.  32 

1.47 

4.32 

1,50  4.72  1.46 

MEAN  3.01 

s.n. 

1,88 

DAF 

2.31 

1.49 

3.50 

to  28 

2.80 

1.2*9  3.0  3  1.23 

MEAN  2.12 

S.D. 

0.9  ] 

ELEMENT 

TYPE 

CONTRACTOR 

MACH  ALTITUDE  FIELD 

1  7 

PLATE 

A 

i.50  44,599 

FAR 

PMAX 

2.21 

1  ..  A  Q 

2.20 

1.  50 

2.20 

1.50  2.20  1.51 

MEAN  1.35 

S.D. 

0.69 

PFFF 

5.07 

2.06 

6.36 

1.91 

4.3  7 

1.82  4,95  1.65 

MEAN  3.59 

S.D. 

2.19 

OAF 

2.29 

1.38 

2.89 

1.27 

2.21 

1.21  2.25  1.09 

MEAN  1.82 

S.D. 

0.66 

ELEMENT 

T  vpf 

CONTRACTOR 

MACH  AITITUC 

C  FIELD 

1  7 

PLATE 

A 

2.00  49,599 

NEAR 

PMAX 

2.01 

0.94 

2.01 

0.94 

2.00 

0.97  2,00  1.01 

MEAN  1.48 

S.D. 

0.72 

P  E  F  r 

3.5  7 

1.69 

3.73 

1.42 

3.40 

1.34  4.29  1.42 

MEAN  2.61 

S.  D. 

1.48 

OAF 

1  .  78 

1.79 

1.86 

1.51 

1.  70 

! .39  2. 15  I. 41 

MEAN  1.70 

S.D. 

0„?5 

ELEMENT 

TYPE 

CONTRACTOR 

MACH  ALTITUDE  FIELD 

17 

"LATE 

A 

2.00  49,599 

FAR 

PMAX 

1.99 

1.13 

1.99 

1.  14 

1. 99 

5. 14  1.98  1.20 

MEAN  1.5? 

S.D. 

0.66 

P  EFT- 

3,53 

1.52 

3.75 

1.49 

3.7, 

1.62  4.79  1.44 

MEAN  2.74 

S.D. 

I  .60 

DA  F 

1.77 

1.35 

1.89 

1.  31 

1.90 

1.4?  2.41  1.20 

MEAN  1.66 

S.D- 

0.4  1 

element 

TYPE 

CONTRACTOR 

MACH  ALTITUDE  FIELD 

1  7 

PLATE 

A 

2.70  65,000 

NEAR 

P  MAX 

1.47 

0.75 

1  .4  7 

0.  75 

1.47 

0.  74  1.4  7  0.  74 

MEAN  1.11 

s.n. 

0.5? 

PFFF 

2.12 

1.20 

3.46 

1.25 

3.40 

1.16  3.09  0. 90 

MEAN  7,15 

S.D. 

!.■><) 

DAF 

1  .85 

1,60 

2.  35 

1.67 

2.  31 

1.56  2.10  1.22 

MEAN  1.83 

S.D 

0.40 

ELEMENT 

TYPE 

CONTRACTOR 

MACH  ALTITUDE  FIFLD 

1  7 

PL  ATE 

A 

2.70  65,000 

FAR 

PMAX 

1.4  7 

0-93 

1.47 

0.  93 

1.47 

0.  92  1.4  7  0.94 

MEAN  5.20 

S.D. 

0.47 

PFFF 

2.76 

1 

3.43 

i.?5 

3 . 50 

1.08  3.57  0.  96 

MEAN 

s.n. 

137 

DA  f 

1.8  7 

1 .  n; 

2.  33 

1.  34 

2.  30 

1.17  2.43  1.02 

*FAN  *,n 

S.D. 

0  59 

B-3  5 


4fcf  rn. 


ELEMENT  TYPE  CONTRACTOR  RAC  H  ALTITUDE  FIELD 

\f  PLATE  3  1.3  38,000  NEAR 

PMAX  1.59  1.21  1.63  1.20  1.67  1.21  1.71  1.26  KEAN  1.43  S.O. 

P  EE  2.93  1.72  3.62  1.49  4.35  1.24  3.87  1.14  KEAN  2.65  S. D. 

n4F  1,84  1.4?  2.22  1.24  2.61  1.03  2.27  0.92  MEAN  1.70  S.O. 

ELEMENT  TYPE  CONTRACTOR  MACH  ALTITUDE  El  ELD 

17  PLATE  8  1.3  38,000  FA° 

PMAX  2.20  1.56  2.20  1.85  2.24  1.57  2.27  1.58  MEAN  1.90  S.D. 

PETE  6.13  2.27  5.98  2.01  6.01  1.97  7.42  1.49  MEAN  4.16  8.0. 

DAE  2.79  1.46  2.71  i.29  2.63  1.26  3.?~*  0.94  MEAN  2.05  S.D. 

ELEMENT  TYPE  CONTRACTOR  MACH  ALTITUDE  FIELD 

17  PLATE  3  1.5  40,500  NEAR 

PMAX  1.44  0.97  1.49  1.00  1.54  1.00  1.57  1.03  MEAN  l.?4  S.D. 

PEFE  4.52  1.99  5.06  1.°'  4.58  1.74  4.45  1.24  MEAN  1.17  S.D. 

DAE  3.13  2.05  3. '8  1.31  2.98  1.74  2.84  1.21  MEAN  2.39  S.O. 

ELEMENT  TYPE  CONTRACTOR  MACH  ALTITUDE  FIELD 

17  PLArE  B  1.5  40,500  FAP 

PMAX  2.21  1.21  2.2o  1.22  2.20  1.23  2.20  i.25  MEAN  1.7?  S.O. 

PEfF  4, 1  g  l„Y8  5.36  1.94  5.59  1,76  4.  8  3  1.54  MEAN  3 .  ■»  7  S.D. 

DAE  1.90  1.48  2.43  1.59  2.54  1.43  2.20  1.23  ME AN  1.34  S.O. 

ELEMENT  TYPE  CONTRACTOR  MACH  ALTITUDE  MFID 

17  PLATE  ft  2.2  45,000  NEAR 

PMAX  1.90  0 . 99  1.90  5.01  1-90  1.05  1.89  1.10  MEAN  1.47  S.D. 

PEEF  3.21  1.56  3.24  1.82  3.22  1.46  3.15  1.39  MEAN  2.34  S.D. 

DAF  1.69  1.57  1.71  1.80  1.70  l.3«  1.64  l.?6  MEAN  1.56  S.O. 

El  6  ME  NT  T  PE  CONTRACTOR  MACH  ALTITUDE  FIELD 

17  p  L  A  T  C  8  2.2  45,0  00  FAR 

PMAX  2.00  1.04  2.00  1.10  1.99  1.13  1.99  I.IP  MEAN  1.58  S.D 
PEFE  3.41  1.66  3.45  1.57  3.43  1.58  3.36  1.39  MF AN  2.48  S.D. 

OAF  1  .  71  1.59  1.73  1.44  1.72  1  .  3  7  1.69  1.18  MEAN  1.56  S.D, 

E  L  L  M  r  N  T  T  TP  E  CONTRACTOR  MACH  ALTITUDE  FIELD 

Vf  PLATE  r.  2.7  69,000  NEAR 

PMAX  1.51  0.74  1.50  0.74  1.80  0.74  1.80  0.77  MEAN  1.1?  S.D 
PEEF  2.89  1.1  8  3.83  1.29  3.54  1.20  3.27  0.93  MF  AN  2.  >3  S.D 

OAF  1.  2  1.45  2.38  1.75  2.36  1.63  2.18  1.2?  MEAN  1.87  S.n 

ELEMENT  TYPE  CONTRACTOR  MACH  ALTITUDE  FIELD 

17  PLATE  B  2.7  49,000  FAR 

PMAX  1.47  0.82  1.47  0.83  1,47  0.84  l.W  0.87  MfAN  1.15  S.D 
PEFF  2.77  1.18  3.43  1.20  3.43  l.Ofi  3.41  1.06  MFAN  2.20  S.D 

OAF  1.88  1.44  2.  33  l.<*5  2.  34  1.29  2.3  3  1.22  MEAN  1.79  S.O 


f  LEMENT 

TYPE 

FONT  4  AC  T  OR 

MACH  ALTITUDE  FIELD 

1H 

PL  A  TE 

A 

1.78  40,899  NEAR 

P  M  A  X 

1.43 

J.  * 

40 

1.47 

i .  34 

1.4  1 

1 .79  1.48  1.78  MEAN  1 . 38 

S.O. 

0 ...  4  4 

Pfc  F  f 

1  .  SR 

1 . 

4  1 

1.70 

1.61 

1.8  1 

1 . 6U  168  1.83  ME  AN  1-61 

s.  0. 

0.8? 

[)  A  F 

1  .  10 

1. 

01 

1.20 

1.  9 

1.07 

1.78  1.14  1.43  MEAN  1.17 

S.D. 

0.  1  9 

ELF  ME 

NT 

TYPE 

CON TRACT Ok 

MACH  ATTITUDE  FIELO 

1  R 

PLATE 

A 

1.7  8  40,  8-09  EAR 

P  M  A  X 

1.  >4 

1  . 

60 

1.98 

1.88 

1  . Q  3 

1.49  1.96  1.48  MEAN  1.74 

S.O. 

0.89 

P  F  f-  F 

7  .44 

7. 

14 

7.48 

7,16 

?  .  16 

7.07  2.08  7.  1C  Mr  an  7.7  0 

S.D. 

0.71 

0  A  f 

1  ,  ?  6 

1  . 

34 

1.78 

1 . 40 

1.12 

1.39  1.0  8  1  .47  MEAN  1.78 

s.  r. 

0. 14 

element 

TYPE 

CONTRACTOR 

MACH  ALTITUDE  FIELD 

18 

PLATE 

A 

1.80  44,899  NEAR 

P  m  AX 

1.33 

L . 

01 

1  .  30 

0.  99 

1  .78 

0.98  l.?7  1.04  MEAN  1.18 

S.D. 

0.8  9 

PfcFF 

1.94 

t 

04 

7.01 

1.9? 

1  .98 

1.94  1.92  1.87  MEAN  1.98 

S.D. 

0.41 

OAF 

i  .  4  6 

1. 

97 

1.84 

1  .  99 

l  .  64 

1.98  1.S1  1.79  MEAN  1.77 

S .  P . 

0.7  3 

FLE  ME  NT 

TYPE 

CONTRACTOR 

MACH  ALTITUDE  FIELD 

1  8 

PLATE 

A 

1 . 80  44, 499  FAR 

PMAX 

1.92 

1. 

3  3 

1 . 92 

1 .  30 

1  .9? 

1.77  1.9 1  1.7 8  MEAN  1.61 

c  n 

«  i  /  * 

0.60 

PtFf 

7.83 

C  * 

44 

7.  '  7 

7.17 

7.24 

2.02  2.0  3  1  . 74  MEAN  7.17 

S.O. 

0.7? 

OAF 

1 .  3? 

1. 

84 

1.13 

1.63 

1.17 

1.89  1 .06  1 .40  MEAN  1 . 30 

S.D. 

0.77 

ELEMENT 

T  YPE 

CONTRACTOR 

MACH  ALTITUDE  FIELD 

18 

PLATE 

A 

7.00  49,899  NEAR 

PM  AX 

1.78 

0. 

89 

l.  78 

0.87 

1  .  78 

0.98  1.74  1.07  MEAN  1.3' 

S .  0 . 

0.60 

PE  FF 

7  .  3  2 

7. 

1  7 

7.6  7 

7.60 

3 .79 

3.1  4  3  .  3  3  3.  1  8  Mt  AN  7.84 

S.  1'. 

1  ,  OO 

RAF 

l  .  38 

7. 

48 

1.87 

7.97 

1.88 

3.  30  1.9  1  3.13  MI  AN  2.31 

s.n. 

0 . 7  6 

ELEMENT 

TYPE 

CONTRAC TOR 

MACH  ALTITUDE  F  I  Ft.  D 

18 

PLATE 

A 

7.00  49,899  FAR 

PM  AX 

l  .  74 

1  . 

00 

1.73 

0.  99 

1.73 

i .07  1.73  1.14  MEAN  l.  39 

S.D. 

0.8  7 

Ph  FF 

7.98 

7. 

84 

3.40 

3.71 

3  .  U 

3.44  3.4  7  3.7  7  MEAN  3,7  9 

s.n. 

i  .  0  r 

OAF 

!  .71 

7. 

8  3 

1.94 

3.78 

7.16 

3  .  3  1  1  .9  8  7.8  3  MEAN  7.  SO 

S.O. 

0.  4  3 

ELEMENT 

TYPE 

CONTRACTOR 

MACH  ALTITUDE  FIELO 

l  8 

Pi  ATE 

A 

7.70  68,  01.0  NFAR 

P  M  AX 

1.7  9 

0. 

78 

1  .  7  9 

0.  17 

1.79 

0.71  1.78  0.70  MEAN  1 . 00 

s.n. 

0.44 

PF  FF 

7.17 

1  . 

98 

7 . 6  8 

7.46 

2 . 84 

7.69  7.77  7.68  MEAN  7.8! 

s.n. 

0.88 

OAF 

1.68 

7. 

61 

7 . 00 

3.44 

7.70 

3,80  ?. IS  3.80  ME  AN  7,71 

s.n. 

0.84 

ELEMENT 

T  Y  P  E 

CONTRACTOR 

MACH  ALTITUDE  FIELD 

1  ft 

PL  All 

A 

7.  70  68,  00  0  rAR 

P  M  A  x 

1.79 

0. 

9? 

1 . 2  9 

0.  90 

1.79 

0 .86  1.780. 84  MEAN  1.08 

S.O. 

0.40 

P  F  F  F 

7.94 

l  • 

73 

3.7)9 

7.87 

2  .  78 

7.86  7.13  7.03  MEAN  7.64 

S.D. 

0.91 

OAF 

2 . 7  8 

7. 

9  7 

7.40 

3.18 

7.17 

7.98  1.70  7.38  MEAN  7.80 

S.D. 

0 . 4  9 

B  -  3  7 


«***.»" 


FLEME NT 

T  YPE 

CONT 

R  AC  T  OR 

MACH  ALTITUDE  FILL 

D 

|  A 

PL  A  T'  1 

B 

1.3  38,000 

NEAR 

PMAX 

1.03 

i  « 

0  ? 

1.0  4 

1,04 

1.2  7 

1.0  3  1.  30  1.04 

MEAN  1. 

15 

s.n. 

n .  xp 

PEFF 

1  .OS 

i . 

OS 

1.03 

1.16 

1 . 0  3 

1.10  1.06  1.09 

M E  AN  1  . 

1  0 

5  .  0 , 

n ,  3  s 

DfiF 

v/  *  O  J 

i . 

1  6 

0 . 8  3 

1.11 

0.81 

1.10  0.81  1.04 

MEAN  t). 

9  7 

s .  n , 

0.16 

t!  F M f  NY 

f  V  o  C- 

CON  TRAC  TOR 

MACH  ALTITUDE  El  EL 

p 

IS 

PLATE 

a 

1.3  38,000 

FAR 

PMAX 

1 .95. 

i . 

3  0 

1.91 

1.  35 

1.90 

1.3}  1.90  1.34 

MEAN  1. 

63 

S  .  0 .. 

0 . 6  9 

PEFF 

1.3/ 

i . 

45 

1.38 

1.43 

1 .  39 

1.43  1.38  1.47 

MEAN  1. 

4  1 

S .  0 . 

0 . 4  6 

OAF 

0 . 7  0 

i. 

0  4 

0 .  ?  3 

1  .  36 

0.  7  3 

1.07  0.73  1.09 

MEAN  0. 

90 

C  '■> 

..J  •  19  » 

9 .  1  8 

ELEMENT 

TYPE 

CONT 

RAC  TOR 

MACH  AL  TITUDE  FI  EL 

D 

18 

PLATE 

9 

1.5  40,500 

NEAR 

PMAX 

1.25 

0. 

86 

1.05 

0.  <36 

1  c  04 

0.91  1.04  1.00 

MEAN  1. 

0  8 

s .  n . 

0 . 3  9 

PEFF 

t  .  3  1 

H,  « 

04 

1.45 

1  .  68 

1 .68 

1.77  1.77  1.83 

MEAN  1. 

6  9 

s .  n . 

0 . 54 

DA 

l  .04 

1  . 

50 

1  1  6 

1  .  83 

1  .  35 

1.94  1.43  1.83 

MEAN  l. 

51 

S.D. 

0 . 3  0 

f  LEuc 

NT 

TYPE 

L ON TRAC  TOR 

MACH  ALTITUDE  s I 61 

D 

18 

plate: 

B 

1.5  40,500 

FAR 

PMAX 

1 .0? 

1. 

08 

'  .  70 

1. 06 

1.41 

1.08  1.91  1.16 

MEAN  1 . 

51 

S  .  D . 

0.6  4 

Pt.  FF 

1.48 

1. 

50 

1.  74 

1.88 

2.11 

0.1<J  ?.?9  0.3  3 

MEAN  l. 

Q 

S.D. 

0.  70 

0  A  F 

0.7  7 

1. . 

3  9 

0.  91 

1.7  7 

l .  1 0 

0.00  1.20  1.98 

MEAN  l. 

3q 

S.D. 

0.4  8 

ELEMENT 

T  Y c'  E 

CONT RAC  TOR 

“ACH  ALTITUDE  FIELD 

18 

PLAT  f 

B 

0.0  45,000 

NT  AR 

PMAX 

1  .  t>  k 

0. 

94 

1.6  5 

1 . 0  3 

1  .  66 

1.09  1.65  1.16 

M  t  A  N  1  „ 

3  5 

S  .  I.) . 

n .  6  3 

PL  FF 

1.33 

1  . 

51 

0 . 0  8 

1  .  SB 

0.19 

1.70  0.33  0.10 

MEAN  1 . 

9  ? 

S.D. 

0  .  ,S  7 

OAF 

l  .  1  1 

1. 

60 

L .  0  6 

1.64 

1.33 

1.58  1.41  1.80 

MEAN  1. 

4  4 

S.D  . 

(5.73 

LLEME 

NT 

7  v  P  e 

CONT 

KA.C  tor 

MACH  AIT!  TUI 

OF  El  El 

0 

18 

PLAT  f; 

w 

0  .>  45,000 

F  A  P 

PMAX 

1 . 7  4 

i 

i.  • 

00 

1.74 

1 .59 

1  .  74 

i  .  1  5  1.73  1.? 3 

M  F  A  N  1  . 

4  3 

S.D. 

n  .f  s  ? 

P  L  F  F 

1  .  8  6 

i  ♦ 

60 

l.M 

1.63 

0 . 0  3 

1.86  0.68  0.51 

MEAN  1 , 

'  -  *■■1 

S  .  n . 

9.7  3 

0  A  f 

1.07 

1. 

64 

1 .  1  J 

1.40 

1.17 

1.61  1 .49  0.06 

MEAN  1. 

4  3 

S.  '  . 

n .  3  3 

LIE  ME 

NT 

1  yjn 

•  NT  RAC  TOR 

MACH  A l  T  I  T  *J ! 

OF  FI  FI 

D 

1  8 

P  [  A  1  I: 

;3 

0.7  69,000 

NF  AM 

P  MAX 

1  .  32 

0. 

70 

!  .  5 1 

9.  69 

1.31 

0.74  1,31  0.74 

MOAN  1. 

S.D. 

0 . 4  4 

Pt  t  F 

8.04 

0  „ 

0  u 

0 . 6  o 

0  .  S  3 

0  .  >6 

0  .  7  7  7  .90  >.7  3 

Ml  AN 

6  9 

S.9. 

0. 9  9 

OAF 

l  .  S  >) 

)  ^ 

^  S 

’  .  '  ’  0 

3  .  •  >  •« 

>  ’ », 

/  *  .  •  7 

3.73  0.00  3.44 

MEAN  0. 

70 

S .  i'1 . 

p  ,  «  > 

1 1  !  Ml 

NT 

1  Y  p  f. 

t.  ON  TRAC  TOR 

MACH  AlTJTU'ir  tm 

n 

1  3 

Pt  AT  1 

0.7  59,000 

t  A  a 

i>  MAX 

1  .  0  0 

0  . 

?'•-» 

1  .  0  3 

0.  7  0 

i .  ;i  h 

0  .  7  6  1  . 0  8  0.9 3 

MEAN  1  . 

n  •> 

S  .  . 

1 '  .  4  0 

Pt  F  F 

0  .  o  ?> 

> 

J  * 

3  .  1  4 

0 »  'i  8 

7  .  x 

0.88  0.03  0.00 

Ml  AN  ?  . 

/,  r 

S  i  1 

>  *  |  • 

9 . 9  •> 

l',AF 

0.31 

3  . 

/  M 

0  .  •,  6- 

3.9/ 

>  2 

3.3?  1.74  0.40 

Mr  AN  0  . 

7  7 

<  ^  n . 

! '  .  «  1 

f  L  f  M  f  N  T 

TYPE 

CON  TRAC 

T  r'P 

MAC  4  A i  TIT  t1 ! 

V  F  t  f  i  p 

19 

PL  A  T  : 

A 

1.34  40,899 

N?  A  8 

PM  AX 

i  .  A  7 

1  . 

o? 

1  .  7  -> 

1  .  39 

1  - 

7  4 

1.19  1  . 7  >  1.17 

MEAN  i . ' 4 

S 

P  F  F  F 

5 . 8  0 

A  . 

9  1 

A  .  9  9 

A.  >  7 

^  * 

7  8 

7.96  7.71  3.90 

MEAN  A . <  ) 

0  7.  F 

7.88 

7  . 

67» 

3.84 

3 .  o  3 

6  0 

3 . 4  6  3 . 8  1  3 .  L  9 
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ELEMENT  TYPE  CONTRACTOR  MACH  ALTITUDE  FIELD 

:9  PLATE  B  1.30  38,000  NEAR 

’MAX  1.14  1.01  1.13  0.96  1.13  0.94  1.12  0.95  MEAN  1.05  S.D.  0.34 

PEFF  2.20  1.88  1.97  1.61. 1.71  1.45  1.76  1.52  MEAN  1.76  S.D.  0.61 

OAF  1.93  1.87  1.74  1.68  1.51  1.55  1.56  1.61  MEAN  1.68  S.D.  0.15 

ELEMENT  TYPE  CONTRACTOR  MACH  ALTITUDE  FIELD 

1 9  PLATE  B  1.30  38,000  -FAR 

PMA X  1  .  77  1.30  1.76  1.24  1  .  76  1.21  1.7  5  1.22  MEAN  1.50  S.D.  0.55 

PEFF  2.97  2.51  2.66  2.11  2.69  1.93  2.47  1.73  MEAN  2.38  S.D.  0.86 

DAF  1.68  1.93  1.51  1.70  1.53  1.59  1.41  1.42  MEAN  1.60  S.D.  0.17 

ELEMENT  TYPE  CONTRACTOR  MACH  ALTITUDE  FIELD 

19  '  PLATE  B  1.50  40,500  FAR 

•’MAX  1.1  6  0.84  1  .1  5  0.79  1.1  5  0.89  1.14  0.95  MEAN  1.01  S.D.  0.35 

PEFF  1.22  0.96  1.01  0.94  0.96  1.00  1.04  1.21  MEAN  1.04  S.D.  0.35 

DAF  1.05  1.15  0.87  1.18  0.84  1.12  0.91  1.28  MEAN  1.05  S.D.  0.16 

ELEMENT  TYPE  CONTRACTOR  MACH  ALTITUDE  FIELD 

19  PLATE  B  1.50  40,500  FAR 

PMAX  1.78  1.03  1.77  0.98  1.77  1.06  1.76  1.13  MEAN  1.41  S.D.  0.59 

PEFF  1.42  1.16  1.18  1.05  1.18  0.98  1.15  1.08  MEAN  1.15  S.D.  0.38 

DAF  0.80  1.12  0.66  1.08  0.67  C.92  0.65  0.96  MEAN  0.86  S.D.  0.19 

ELEMENT  TYPE  CONTRACTOR  MACH  ALTITUDE  FIELD 

19  PLATE  B  2.20  45,000  NEAR 

PMAX  1.53  0.93  1.53  1.01  1.53  1.09  1.53  1.18  MEAN  1.29  S.D.  0.48 

PEFF  1.07  1.08  0.96  0.99  0.84  0.94  0.94  1.12  MEAN  0.99  S.D.  0.33 

DAF  0.70  1.16  0.63  0.97  0.55  0.86  0.62  0.95  MEAN  0.81  S.D.  ".21 

ELEMENT  TYPE  CONTRACTOR  MACH  ALTITUDE  FIELD 

19  PLATE  B  2.20  45,000  FAR 

PMAX  1.61  0.98  1.61  1.06  1.61  1.14  1.61  1.23  MEAN  1.36  S.D.  0.51 

PEFF  1.04  1.02  1.0/  0.99  0.88  0.82  0.84  0.93  MEAN  0.95  S.D.  0.31 

DAT  0.64  1.04  0.67  0.93  0.54  C.72  0.52  0.76  MEAN  0.73  S.D.  0.18 

ELEMENT  TYPE  CONTRACTOR  MACH  ALTITUDE  FIELD 

19  PLATE  B  2.70  59,000  NEAR 

PMAX  1.22  0.68  1.22  0.67  1.21  0.73  1.21  0.81  MEAN  0.97  S.D.  0.40 

PEFF  0.64  0.55  0.61  0.57  0.62  0.66  0.76  0.86  MEAN  0.66  S.D.  0.23 

DAF  0.52  0.81  0.50  0.86  0.51  0.91  0.63  1.07  MEAN  0.73  S.D.  0.22 

ELEMENT  TYPE  CONTRACTOR  MACH  ALTITUDE  FIELD 

19  PLATE  B  2.70  59,000  FAR 

PMAX  1.19  0.69  1.19  0.68  1.19  0.75  1.18  0.83  MEAN  0.96  S.D.  0.39 

PEFF  0.68  0.61  0.57  0.46  0.57  0.36  0.56  0.58  MEAN  0.55  S.D.  0.20 

DAF  0.57  0.88  0.48  0.67  0.48  0.49  0.47  0.70  MEAN  0.59  S.D.  0.15 
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ELEMENT  TYPE  CONTRACTOR  MACH  ALTITUDE  FIELD 

1  RACK  XB-70  1.22  27,000  DATA 

P.‘  AX  4.69 
Pi FF  6.00 
D,  F  1.28 

ELEMENT  TYPE  CONTRACTOR  MACH  ALTITUDE  FIELD 

1  RACK  XB-70  1.22  27,000  FAR 

P r : AX  5.58  3.01  5.58  3.06  5.58  3.06  5.58  3.1  0  MEAN  4.32  S.D.  1.90 

PLFF  7.09  4.90  7.31  4.88  8.08  6.62  8.68  6.80  MEAN  6.80  S.D.  2.52 

DAF  1.27  1.63  1.31  1.59  1.45  2.16  1.55  2.20  MEAN  1.64  S.D.  0.35 

ELEMENT  TYPE  CONTRACTOR  MACH  ALTITUDE  FIELD 

1  RACK  B-58  1.22  27,000  DATA 

PMAX  4.56 
PEFF  6.20 
DAF  1.36 

ELEMENT  TYPE  CONTRACTOR  MACH  ALTITUDE  FIELD 

1  RACK  B-58  1.22  27,000  FAR 

PM/ X  4.36  2.42  4.36  2.47  4.36  2.47  4.36  2.51  MEAN  3.42  S.D.  1.17 

PLFF  5.88  4.99  7.39  6.12  7.49  6.03  6.63  5.09  MEAN  6.20  S.D.  2.16 

DAF  1.35  2.06  1.69  2.47  1.72  2.44  1.52  2.02  MEAN  1.91  S.D.  0.41 

ELEMENT  TYPE  CONTRACTOR  MACH  ALTITUDE  FIELD 

1  RACK  XB-70  1.40  38,700  DATA 

PMAX  3.50 
PEFF  4.91 
DAF  1.40 

ELEMENT  TYPE  CONTRACTOR  MACH  ALTITUDE  FIELD 

1  RACK  XB-70  1.40  38,700  FAR 

PMAX  3.65  2.30  3.64  2.30  3.62  2.25  3.61  2.30  MEAN  2.96  S.D.  1.17 

PE 7 F  5.1  6  3.80  5.05  3  *8  *  4.32  5.8:!  4.07  MEAN  4.71  3.D.  1.74 

DAT  1.41  1.65  1.39  1.51  1.63  1.92  1.63  1.77  MEAN  1.61  S.D.  0.18 

ELEMENT  TYPE  CONTRACTOR  MACH  ALTITUDE  FIELD 

1  RACK  XB-70  1.86  48,000  DATA 

PMAX  2.58 
PEFF  3.67 
DAF  1.37 

ELEMENT  TYPE  CONTRACTOR  MACH  ALTITUDE  FIELD 

1  RACK  XB-70  1.86  48,000  FAR 

PMAX  2.90  1.61  2.89  1.60  2.88  1.59  2.86  1.59  MEAN  2.24  S.D.  0.98 

PEFF  4.29  2.71  3.96  2  24  4.35  2.89  4.80  2.93  MEAN  3.52  S.D.  1.44 

DAF  1.48  1.68  1.37  1.40  1.51  1.82  1.67  1.84  MEAN  1.60  S.D.  0.18 

ELEMENT  TYPE  CONTRACTOR  MACH  ALTITUDE  FIELD 

1  RACK  F-104  1.5  28,000  DATA 

PMAX  1.85 
PEFF  3.10 
DAF  1.68 

ELEMENT  TYPE  CONTRACTOR  MACH  ALTITUDE  FIELD 

1  RACK  F-104  1.5  28,000  FAR 

PMAX  2.44  1.44  2.43  1.44  2.42  1.54  2.41  1.36  MEAN  1.94  S.D.  0.80 

PEFF  3.28  2.51  3.23  2.43  3.78  2.90  4.23  3.01  MEAN  3.17  S.D.  1.17 

DAF  1.34  1.74  1.33  1.68  1.56  1.88  1.75  2.22  MEAN  1.69  S.D.  0.29 
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ELEMENT  TYPE  CONTRACTOR  MACH  ALTITUDE  FIELD 

2  RACK  XB-70  1.22  27,000  DATA 

PMAX  4.69 
PEFF  8.18 
DAF  1.74 

ELEMENT  TYPE  CONTRACTOR  MACH  ALTITUDE  FIELD 

2  RACK  XB-70  i .22  27,000  FAR 

PMAX  5.58  3-18  5.58  3.18  5.58  3.18  5.58  3.18  MEAN  4.38  S.D.  1.87 

PEFF10.01  7.22  9.13  5.74  6.87  4.18  6.71  4.01  MEAN  6.73  S.D.  2.98 

DAF  1.79  2.27  1.64  1.80  1.23  1.31  1.20  1.26  MEAN  1.56  S.D.  0.38 

ELEMENT  TYPE  CONTRACTOR  MACH  ALTITUDE  FIELD 

2  RACK  B- 58  1.22  27,000  DATA 

PMAX  4.56 
PEFF  6.74 
DAF  1.48 

ELEMENT  TYPE  CONTRACTOR  MACH  ALTITUDE  FIELD 

2  RACK  B -  58  1.22  27,000  FAR 

PMAX  4.36  2.54  4.36  2.54  4.36  2.54  4.36  2.54  MEAN  3.45  S.D.  1.45 

PEFF  5.16  3.79  5.17  3.30  5.70  3.84  7.15  4.64  MEAN  4.84  S.D.  1.96 

DAF  1.18  1.49  1.19  1.3C  1.31  1.51  1.64  1.83  MEAN  1.43  S.D.  0.23 

ELEMENT  TYPE  CONTRACTOR  MACH  ALTITUDE  FIELD 

2  RACK  XB-70  1.40  38,700  DATA 

PMAX  3.50 
PEFF  5.18 
OAF  1.48 

ELEMENT  TYPE  CONTRACTOR  MACH  ALTITUDE  FIELD 

2  RACK  XB-70  1.40  38,700  FAR 

PMAX  3.64  2.04  3.64  2.04  3.62  2.02  3.61  1.71  MEAN  2.79  S.D.  1.25 

PEFF  5.42  3.68  6.38  3.97  5.47  3.28  4.43  2.05  MEAN  4.S4  S.D.  1.94 

DAF  1.49  1.80  1.76  1.95  1.51  1.62  1.23  1.20  MEAN  1.57  S.D.  0.27 

ELEMENT  TYPE  CONTRACTOR  MACH  ALTITUDE  FIELD 

2  RACK  XB-70  1.86  48,000  DATA 

PMAX  2.68 
PEFF  3.16 
DAF  1.18 

ELEMENT  TYRE  CONTRACTOR  MACH  ALTITUDE  FIELD 

2  RACK  XB-70  1.86  48,000  FAR 

PMAX  2.69  1.24  2.66  1.20  2.64  1.16  2.86  0.91  MEAN  1.92  S.D.  1.04 

PEFF  3.40  1.88  4.43  2.33  4.17  2.11  3.28  1.08  MEAN  2.84  S.D.  1.46 

DAF  1.27  1.52  1.66  1.94  1.58  1.82  1.15  1.18  MEAN  1.51  S.D.  0.29 

ELEMENT  TYFt  CONTRACTOR  MACH  ALTITUDE  FIELD 

2  RACK  F-104  1.5  28,000  DATA 

PMAX  1 .85 
PEFF  3.91 
DAF  2.11 

ELEMENT  TYPE  CONTRACTOR  MACH  ALTITUDE  FIELD 

2  RACK  F-104  1.5  28,000  FAR 

PMAX  2.44  1  .38  2.43  1  .  21  2.42  1  .1  9  2.41  1  .1  7  MEAN  1.83  S.D.  0.86 

PEFF  3.36  2.05  3.11  1.79  3.17  1.79  3.07  1.61  MEAN  2.49  S.D.  1.07 

DAF  1.37  1.48  1.28  1.48  1.31  1.51  1.27  1.38  MEAN  1.38  S.D.  0.10 
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ELEMENT  TYPE  CONTRACTOR  MACH  ALTITUDE  FIELD 

3  RACK  XB-70  1.22  27,000  DATA 

PMAX  4.47 
PEFF  5.89 
DAF  1.32 

ELEMENT  TYPE  CONTRACTOR  MACH  ALTITUDE  FIELD 

3  RACK  XB-70  1.22  27,000  FAR 

PMAX  5.28  4.16  5.27  4.06  5.26  3.98  5.25  3.91  MEAN  4.65  S.D.  1.60 
PEFF  9.29  7.1910.28  7.4910.48  7.49  9.61  6.66  MEAN  8.56  S.D.  3.08 

DAF  1.76  1.73  1.95  1.85  1.99  1.88  1.83  1.70  MEAN  1.84  S.D.  0.10 

ELEMENT  TYPE  CONTRACTOR  MACH  ALTITUDE  FIELD 

3  RACK  B - 58  1.22  27,000  DATA 

PMAX  4.56 
PEFF  6.56 
DAF  1.44 

ELEMENT  TYPE  CONTRACTOR  MACH  ALTITUDE  FIELD 

3  RACK  B - 58  1.22  27,000  FAR 

PMAX  4.05  3.25  4.08  3.23  4.07  3.17  4.07  3.11  MEAN  3.63  S.D.  1.23 

PEFF  4.76  3.64  4.71  3.45  4.73  3.52  6.14  4.53  MEAN  4.44  S.D.  1.65 

DAF  1.1  8  1.1  2  1.1  5  1  .07  1.1  6  1  .  1  1  1.51  1.46  MEAN  1.22  S.D.  0.17 

ELEMENT  TYPE  CONTRACTOR  MACH  ALTITUDE  FIELD 

3  RACK  XB-70  1.40  33,700  DATA 

PMAX  3.32 
PEFF  4.16 
DAF  1.25 

ELEMENT  TYPE  CONTRACTOR  MACH  ALTITUDE  FIELD 

3  RAfK  XR-7H  1  40  7  R  700  PAR 

PMAX  3.62  2.73  3.61  2.67  3.57  2.46  3.50  2.19  MEAN  3.06  S.D.  1.13 
PEFF  4.76  3.45  4.39  3.06  4.33  2.87  4.61  3.12  MEAN  3.82  S.D.  1.43 

DAF  1.31  1.26  1.22  1.15  1.21  1.17  1.2'  1.42  MEAN  1.25  S.D.  0.09 

ELEMENT  TYPE  CONTRACTOR  MACH  ALTITUDE  FIELD 

3  RACK  XB-70  1.86  43,000  DATA 

PMAX  2.78 
PEFF  3.19 
DAF  1.15 

ELEMENT  TYPE  CONTRACTOR  MACH  ALTITUDE  FIELD 

3  RACK  XB-70  1.86  48,000  FAR 

PM  X  2.69  1.78  2.66  1.64  2.56  1.38  2.73  1.65  MEAN  2.14  S.D.  0.88 

PE  F  3.81  2.67  3.19  2.12  3.01  1.89  3.25  2.01  MEAN  2.74  S.D.  1.10 

DA  1.42  1.50  1.20  1.29  1.1  8  1  .37  1  . 1  5  1.22  MEAN  1.30  S.D.  0.12 

ELEMENT  TYPE  CONTRACTOR  MACH  ALTITUDE  FIELD 

3  RACK  F-104  1.5  33,000  DATA 

PM  X  1.79 
PE  F  3.08 
DA  1.72 

ELEMENT  TYPE  CONTRACTOR  MACH  ;  LT ITUDE  FIELD 

a  rapk  f-ioa  ir  a  non  far 

PMAX  2.34  1.79  2.33  1.74  2.32  1.68  2.3  1.47  MEAN  2.00  S.D.  0.73 

PE  F  4.71  3.49  5.04  3.65  5.26  3.78  5.2o  3.53  MEAN  4.34  S.D.  1.58 

DA  2.01  1.95  2.16  2.10  2.27  2.25  2.24  2.40  MEAN  2.17  S.D.  0.15 
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PMAX 
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4  .  90 
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1  .  29 
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8 
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PMAX 
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DAF 
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8 
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PMAX 
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1  .23 

CONTRACTOR 
B  -  58 

2.0?  3. 78  ; 
2.84  5.0  0  t 
1  .  36  1.32  1 

CONTRACTOR 
X  B  -  7  0 


X  B  -  7  0 


X  B  -  7  0 


2.06 

2.81 


:  7  .000 


38  1.50  MEAN  1.4 


MACH 

1  .22 


MACH 
1  .22 


ALTITUDE 
27 ,000 


S!  5 
.36  1 

MACH 


ALTITUDE 
27,000 
76  2.07  M 
03  2.81  M 
34  1 .36  M 


FI  ELI 
DATA 


HELD 

FAR 


MEAN  2 
MEAN  3 
MEAN  ' 


ALTITUDE 

38,700 


FIELD 
n  A  T  A 


1.40  38,700 


2  7  1  .86  MEAN  ? .  54  S.D 
48  .  9 1  MEAN  3.60  S.D 
37  1.56  MEAN  1.44  S.D 


I  .86  4 8 , 0  0 G 


DATA 


TYPE  CONTRACTOR  MACIi  ALTITUDF 
PL  A i E  XB-70  1.86  48,000 


ALTITUDF  FI  EL 
48,000  FAR 
7  1.13  ML AN  1. 
6  ?  .  1  7  M  t  A  N  ?  . 


b4  S. 


CONTRACTOR 
r  -104 


CONTRACTOR 
r  - 1 04 


MAC  H 


MACH 
1  .  5 


ALT  I  !  1JDE 
28,000 


ALT  I  !  ilDt 
78 ,000 


2.06  1.13  M 


r  I  EL  D 
DATA 


rin.  n 

EAR 

AN  1  .47 
AN  1.78 


1  .  o8 

2  .  20 
0.11 


0  .  06 


1  .06 
1  . 3  7 
0.10 


0  .  7  4 
0 . 94 
0.08 


1.23  1.1  8  1  .23  1  .07  Mf AN  1 


0 . 7  0 
0  .  1  4 
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ELEMENT  TYPE 

CONTRACTOR 

MACH 

AL  : 

I  TUDE 

F  I  E  L  D 

0  ROOF 

XB-70 

1.22 

27. 

000 

DATA 

P  M  A  X 

3  .  15 

P  E  F  F 

0. 

DAF 

0  . 

ELEMENT  TYPE 

CONTRACTOR 

MACH 

ALT 

ITUDE 

FIELD 

9  ROOF 

X  B  -  7  0 

1  .  22 

27, 

000 

FAR 

PM  AX 

3.03  2, <'2  3.07 

2.23  3.12  2  . 

.11  4  . 

2d  2 

.05  MEAN  2.79 

S.  D 

PE  FF 

5.28  5.08  5.61 

5.2  3  5.54  4  . 

.98  5. 

.09  4 

.44  MEAN  5.15 

b  .  U 

DAF 

1.74  2.10  1.83 

2.34  1.77  2, 

.36  1. 

19  2 

.  1  6  Ml 

AN  1.94 

5 .  D 

ELEMENT  TYPE 

contractor 

MACH 

ALT 

I  TUDE 

F  I  E  L  n 

9  ROOF 

B  -  58 

1  22 

L  f  « 

0  0  0 

DATA 

PM  AX 

2 . 88 

P  E  F  F 

3.39 

DAF 

1.18 

ELEMENT  TYPE 

CONTRACTOR 

MACH 

ALT 

1  TUDE 

FIELD 

9  ROOF 

0  IZ  0 
u  “  J  u 

1  .22 

000 

FAR 

PM  AX 

2.26  1.79  2.30 

:  .6  7  2.33  1  . 

.60  3, 

2  3  1 

,62  MEAN  2.10 

S.D 

PEFF 

3.70  3.10  3.48 

2.84  3.29  2, 

,87  3. 

3  2  3 

.12  MEAN  3.22 

S.  D 

DAF 

1.64  1.73  1.52 

1.70  1.41  1 

.79  1  . 

0  3  i 

.93  MEAN  i.59 

c,  n 

El  EMENT  TYPE 

CONTRACTOR 

MACH 

ALT 

I  TUDE 

FIELD 

9  ROOF 

XB-70 

1  -1  r\ 

1  *  *4  U 

38  , 

7  00 

DATA 

0  M  A  X 

1.91 

PEr  F 

2  .  6  0 

DAF 

1  .  36 

ELEMENT  TYPE 

CONTRACTOR 

M  A  C  H 

ALT 

I  TUDE 

F  i  E  L  D 

9  ROOF 

XB-70 

1.40 

38, 

>u6 

F  A  R 

P'f  -,X 

2.04  , .63  2. 01 

1.52  1.98  1 

.4  7  2 . 

.40  1 

.46  ME 

AN  "i  .  82 

5.  D 

PEFF 

3.06  2.93  2.50 

2.25  2.51  2 

.12  2 . 

.  b  °  2 

.  1  1  ME 

AN  2.52 

S  .  D 

DAF 

1.50  1.80  1 . 24 

1.48  1.27  1 

.  4  4  1  , 

1  1  1 

.44  MEAN  1.41 

S.D 

ELI  PENT  TYPE 

CONTRACTOR 

MACH 

AL 1 I TUDE 

F  I  E  L  D 

9  ROOF 

X  3  -  7  0 

1  .86 

48, 

000 

DATA 

P  M  A  X 

1  ,  7  1 

PEFF 

2.u  6 

DAF 

1  .  21 

ELEMENT  TYPE 

CONTRACTOR 

MACH 

AL  1 

ITUDE 

FIELD 

9  ROOF 

X  3  -  7  0 

1  .  86 

48 

00  0 

FAR 

PM  AX 

1.63  1.44  1.61 

1.32  1 . 58  1 

.23  1  . 

.  94  1 

.  1  7  MEAN  1  .  'i 

S  .  D 

PEFF 

2.61  2.52  2.12 

1.98  2.02  1 

.80  2  . 

,15  1 

.79  ME 

AN  2.12 

S  .  D 

DAF 

1.60  1.75  1.32 

1.50  1.27  1 

.46  1  . 

,11  1 

.53  MEAN  1.44 

S.D 

ELEMENT  TYPE 

CONTRACTOR 

MACH 

AL  T 

ITUDE 

f  I  E  L.  D 

9  ROOF 

F  -  1  04 

1  .  5 

28, 

000 

DATA 

PM AX  0.99 
PE  FT  1,7  9 
DAF  1.80 


0.39 


0.86 
1  ,  C  5 
0.  2.8 


0.66 
0.87 
0 . 2  1 


0 .  5  3 
0 .  7  3 
0.  2C 


P,  -  4  9 


ELEMENT  TYPE  contractor 

10  ROOF  X 8 -  7 n 

p MAX  1 . 8 4 
PEFF  ;  .  7  8 
DAF  0.97 

ELEMENT  TYPE  CONTRACTOR 
10  ROOF  XB-70 

PM AX  2.34  2.34  2.17  2.16  2.16  2 

PE  F  F  2.49  2.67  2.36  2. 52  2.23  2 

DAF  1.06  1.14  1.09  1.16  1.03  1 

L  L  E  M  r  N  T  TYPE  CONTRACTOR 
10  ROOF  3-58 

P  M A  X  1  7  4 
PEFF  1.40 
DAF  0.80 

ELEMENT  ~ Y P E  CONTRACTOR 
10  ROOF  B  -  58 

PM AX  1 . 73  1.73  1.65  1 . 63  1.64  1 

PEFF  1.64  1.85  1 . 58  1 . 78  1.56  1 

DAF  0. 95  1.07  0. 1 , 09  0.95  1 

ELEMENT  TYPE  CONTRACTOR 
10  ROOF  XB-70 

Pi'iAX  1  .  44 
PEFF  1 . 52 
DAF  1.06 

ELEMENT  TYPE  CONTRACTOR 
10  POOF  XB-70 
PM  AX  1.58  1.54  1.5  7  1.44  1.56  1 

PEFF  1.91  1.95  1.78  1.80  1.71  I 

DAF  1.21  1.27  1.1  3  1.  25  1 . 09  1 

ELEMENT  TYPE  CONTRACTOR 
10  ROOF  XB-70 
PM AX  1.23 
P  E  F  F  0.9  2 
DAF  0.75 

ELEMENT  TYPE  CONTRACTOR 
10  KUOF  XB-70 

PM AX  1.81  1.31  1.25  1.22  1 . ?4  1 

PEFF  1.66  1.69  1.61  1.63  1.51  1 

DAF  1.27  1.30  1 . 29  1.33  1 . 22  1 

ELEMENT  TYPE  CONTRACTOR 
10  ROOF  F - 1 0 4 

P M A X  0.97 
P  E  F  F  0 .  7  7 
DAE  0.80 

ELEMENT  TYPE  CONTRACTOR 
10  ROOF  F -  -  04 

PMA  X  1.09  1.09  1 . Ob  1.06  1.0  3  1 

PEFF  1.01  1.18  1 . 01  1.20  1.01  ! 

DAF  0.93  1.08  0.95  1.13  0.98  1 
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ALTITUDE 

"ILL 
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DATA 
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mean 
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S.D. 

0.07 
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MEAN  1.51 
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MEAN  1.75 
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MACH 
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DATA 
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ELEMENT  TYPE  CONTRACTOR  MACH  ALTITUDE  FIELD 

12  PLATE  XB-70  1.22  27,000  DATA 

PM AX  3.98 
PE FF  3.64 
DAF  0.91 

ELEMENT  TYPE  CONTRACTOR  MACH  ALTITUDE  FIELD 

12  PLATE  XB-70  1.22  27,000  FAR 

PMAX  4.77  2.56  4.77  2.41  4.76  2.30  4.75  2.26  MEAN  3.57  S.D 

PE  F  F  7.04  6.01  6.05  5.1  6  5.33  4.1  5  4.95  3.73  MEAN  5.30  S.D 

DAF  1.47  2.35  1.27  2.14  1.12  1.80  1.04  1.65  MEAN  1.61  S.D 

ELEMENT  TYPE  CONTRACTOR  MACH  ALTITUDE  FIELD 

12  PLATE  B -  58  1.22  27,000  DATA 

PMAX  3.72 
PE  FF  5.72 
DAF  1.54 

ELEMENT  TYPE  CONTRACTOR  MACH  ALTITUDE  FIELD 

12  PLATE  B - 58  1  .  22  27,000  FAR 

PMAX  3.69  1.89  3.68  1.80  3.67  1.76  3.67  1.77  MEAN  2.74  S.D 

PE  FF  6.79  5.76  6.49  5.26  6.06  4.72  5.39  4.05  MEAN  5.56  S.D 

DAF  1.84  3.04  1.76  2.92  1.65  2.68  1.47  2.28  MEAN  2.21  S.D 

ELEMENT  TYPE  CONTRACTOR  MACH  ALTITUDE  FIELD 

12  PLATE  XB-70  1.40  38,700  DATA 

PMAX  2.94 
PEFF  3.23 
DAF  1.10 

ELEMENT  TYPE  CONTRACTOR  MACH  ALTITUDE  FIELD 

12  PLATE  XB-70  1.40  38,700  FAR 

PMAX  3.09  1.72  3.07  1,63  3.41  1.66  3.41  1.64  MEAN  2.45  S.D 

PEFF  3.79  3.26  3.58  3.02  3.52  2.86  3.29  2.93  MEAN  3.28  S.D 

DAF  1.23  1.90  1.17  1.85  1.03  1.72  0.97  1.79  MEAN  1.46  S.D 

ELEMENT  TYPE  CONTRACTOR  MACH  ALTITUDE  FIELD 

12  PLATE  XB-70  1.86  48,000  DATA 

PMAX  2.25 
PEFF  2.42 
DAF  1.07 

ELEMENT  TYPE  CONTRACTOR  MACH  ALTITUDE  FIELD 

12  PLATE  XB-70  1-86  48,000  FAR 

PMAX  2.46  1.49  2.44  1.39  2.43  1.32  2.41  1.27  MEAN  1,90  S.D 

PEF:  3.20  2.79  3.04  2.60  2.89  2.43  2.72  2.25  MEAN  2.74  S.C 

DAF  1.30  1.87  1.25  1.87  1.19  1.85  1.13  1.77  MEAN  1.53  S.L 

ELEMENT  TYPE  CONTRACTOR  MACH  ALTITUDE  FIELD 

12  PLATE  F-104  1.5  28,000  DATA 

PMA  1.33 
PEFF  0,65 
DAF  0.49 

.EMENT  TYPE  CONTRACTOR  MACH  ALTITUDE  FIELD 


12 

PLATE 

F- 

104 

1.5  28, 

000 

FAR 

PMAX 

,86  1.13 

1.84 

1.08 

1.82 

1.06  1.79  1 

.07 

MEAN 

1.46 

S. 

PEFF 

,  .17  1.37 

1.22 

1  .34 

1.29 

1.34  1.36  1 

.42 

MEAN 

1.31 

S. 

DAF 

C  .63  1.21 

0.66 

1.24 

0.71 

1.26  0.76  1 

.33 

MEAN 

0.98 

S. 

.  1.69 
.  1.98 
.  0.47 


.  1.31 
.  1.97 
.  0.61 


.  1.14 
.  1.08 
.  0.39 


.  0.83 
.  0.92 
.  0.34 


.  0.60 
.  0.42 
.  0.31 


B- 52 


ELEMENT  TYPE  CONTRACTOR  MACH  ALTITUDE  FIELD 

13  PLATE  XB-70  1.22  27,000  DATA 

PM AX  3.67 
PE  FF  2.3  6 
DAF  0.64 

ELEMENT  TYPE  CONTRACTOR  MACH  ALTITUDE  FIELD 

13  PLATE  XB-70  1.22  27,000  FAR 

PMAX  4.42  2.42  4.40  2.23  4.39  2.11  4.38  2.05  MEAN  3.30  S.D.  1.56 

PEFF  3.68  3.62  3.65  3.48  3.61  3.32  3.52  3.13  MEAN  3.50  S.D.  1.12 

DAF  0.83  1.50  0.83  1.56  0.82  1.58  0.80  1.52  MEAN  1.18  S.D.  0.38 

ELEMENT  TYPE  CONTRACTOR  MACH  ALTITUDE  FIELD 

13  PLATE  B- 58  1.22  27,000  DATA 

PMAX  3.41 
PEFF  1 .45 
DAF  0.43 

ELEMENT  TYPE  CONTRACTOR  MACH  ALTITUDE  FIELD 

13  PLATE  B- 58  1.22  27,000  FAR 

PMAX  3.41  1.77  3.39  1.65  3.38  1.60  3.37  1.62  MEAN  2.52  S.D.  1.21 

PEFF  1.83  2.08  1.83  2.01  1.83  1.93  1.85  1.87  MEAN  1.90  S.D.  0.61 

DAF  0.54  1.17  0.54  1.22  0.54  1.21  0.55  1.16  MEAN  0.87  S.D.  0.35 

ELEMENT  TYPE  CONTRACTOR  MACH  ALTITUDE  FIELD 

13  PLATE  XB-70  1.40  38,700  DATA 

PMAX  2.72 
PEFF  3.97 
DAF  1.46 

ELEMENT  TYPE  CONTRACTOR  MACH  ALTITUDE  FIELD 

13  PLATE  XB-70  1.40  38,700  FAR 

PMAX  2.86  1.60  2.841.50  2.82  1.44  2.80  1.44  MEAN  2.16  S.D.  0.98 
PEFF  4.40  4.02  4.55  4.03  4.13  3.49  3.63  2.88  MEAN  3.89  S.D.  1.34 

DAF  1.54  2.51  1.60  2.69  1.47  2.42  1.30  2.00  MEAN  1.94  S.D.  0.54 

ELEMENT  TYPE  CONTRACTOR  MACH  ALTITUDE  FIELD 

13  PLATE  XB-70  1.86  48,000  DATA 

PMAX  2.08 
PEFF  2.80 
DAF  1.35 

ELEMENT  TYPE  CONTRACTOR  MACH  ALTITUDE  FIELD 

13  PLATE  XB-70  1.86  48,000  FAR 

PMAX  2.28  1.42  2.26  1.30  2.25  1.21  2.23  1.16  MEAN  1.76  S.D.  0.76 

PEFF  4.23  3.97  4.46  4.09  4.28  3.85  3.98  3.46  MEAN  4.04  S.D.  1.31 

DAF  1.86  2.79  1.97  3.13  1.90  3.17  1.78  2.98  MEAN  2.45  S.D.  0.62 


ELEMENT  TYPE  CONTRACTOR  MACH  ALTITUDE  FIELD 

13  PLATE  F-104  1.5  28,000  DATA 

PMAX  1.16 
PEFF  0.19 
OAF  0.17 

ELEMENT  TYPE  CONTRACTOR  MACH  ALTITUDE  FIELD 

13  PLATE  F-104  1.5  28,000  FAR 

PMAX  1.67  1.05  1.64  0.99  1.62  0.96  1.59  0.97  MEAN  1.31  S.D.  0.53 

PEFF  0.36  0.67  0.41  0.69  0.47  0.73  0.53  0.79  MEAN  0.58  S.D.  0.24 

DAF  0.22  0.64  0.25  0.70  0.29  0.76  0.34  0.81  MEAN  0.50  S.D.  0.25 


ELEMENT  TYPE  CONTRACTOR 
14  PLATE  XB-70 

PMAX  4.12 
PE FF  8.32 
DAF  2.02 

ELEMENT  TYPE  CONTRACTOR 
14  PLATE  XB-70 

PMAX  4.94  2.76  4.91  2.67  4.88  2. 

PEFF  7.95  3.59  7.50  3.41  9.09  3. 

DAF  1 .61  1 .30  1 .53  1 .28  1 .86  1  . 

ELEMENT  TYPE  CONTRACTOR 
14  PLATE  B - 58 

PMAX  3.68 
PEFF  7.29 
DAF  1.98 

ELEMENT  TYPE  CONTRACTOR 
14  PLATE  B- 58 

PMAX  3.74  2.14  3.71  2.09  3.69  2. 

PEFF  6.90  2.63  7.17  2.45  5.85  2, 

DAF  1.85  1.23  1.93  1.18  1.59  1, 

ELEMENT  TYPE  CONTRACTOR 
14  PLATE  XB-70 

PMAX  2.93 
PEFF  3.52 
DAF  1.20 

ELEMENT  TYPE  CONTRACTOR 
14  PLATE  XB-70 
PMAX  2.76  1.87  2.75  1.82  3.13  1 

PEFF  3.34  2.09  3.37  1.93  3.53  2 

DAF  1.21  1.11  1.23  1.06  1.13  1 

ELEMENT  TYPE  CONTRACTOR 
14  P L A 1 1_  XB-70 

PMAX  2.09 
PEFF  2.43 
DAF  1.16 

ELEMENT  TYPE  CONTRACTOR 
14  PLATE  XB-70 
PMAX  2.1  1  1.52  2.1  1  1  .46  2.1  7  1 

PEFF  3.80  1 . IQ  3.60  1.64  2.65  1 

DAF  1.80  1.12  1.71  1.12  1.22  0 

ELEMENT  TYPE  CONTRACTOR 
14  PLATE  F-104 
PMAX  1.18 
PErF  1.64 
DA  1.39 

ELEMENT  TYPE  CONTRACTOR 
14  PLATE  F-104 
PMAX  1.52  1.14  1.51  1.11  1.50  1 

PEFF  2.13  1.56  2.13  1.47  2.09  1 

DAF  1.40  1.:?  1.41  1.32  1.39  1 


MACH  ALTITUDE  FIELD 

1.22  27,000  DATA 


MACH  ALTITUDE  FIELD 

1.22  27,000  FAR 

61  4.85  2.58  MEAN  3.77  S.D.  1 .68 

18  7.80  2.51  MEAN  5.63  S.D.  3.19 

22  1.61  0.97  MEAN  1.42  S.D.  0.28 

MACH  ALTITUDE  FIELD 

1.22  27,000  DATA 


MACH  ALTITUDE  FIELD 

1.22  27,000  FAR 

06  3.66  2.07  MEAN  2.89  S.D.  1.25 

36  6.14  1.81  MEAN  4.42  S.D.  2.66 

14  1.68  0.87  MEAN  1 .43  S.D.  0.38 

MACH  ALTITUDE  FIELD 
1.40  38,700  DATA 


MACH  ALTITUDE  FIELD 
1.40  38,700  FAR 

83  2.82  1.83  MEAN  2.35  S.D.  0.92 

16  3.25  2.34  MEAN  2.75  S.D.  1 .09 

18  1.15  1.28  MEAN  1.17  S.D.  0.07 

MACH  ALTITUDE  FIELD 
1.86  48*000  DATA 


MACH  ALTITUDE  FIELD 
1.86  48,000  FAR 

46  2.17  1.43  MEAN  1.80  S.D.  0.67 

41  2.59  1 .33  MEAN  2.34  S.D.  1.21 

97  1 .19  0.93  MEAN  1 .26  S.D.  0.32 

MACH  ALTITUDE  FIELD 
1.5  28,000  DATA 


MACH  ALTITUDE  FIELD 
1.5  28,000  FAR 

.10  1.49  1.11  MEAN  1.1  S.D.  0.46 

.38  2.32  1.11  MEAN  1.77  S.D.  0.71 

.25  1.56  1.01  MEAN  1.34  S.D.  0.16 
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Element 

TYPE 

CONTRACTOR 

MACH 

ALTITUDE  FIELD 

1  5 

p  l  A  T  E 

X  B  -  7  0 

1  .  22 

27,000  D„TA 

PM  AX 

3.23 

°EFF 

0. 

OAF 

0. 

ELEMENT 

TYPE 

CONTRACTOR 

M  A  C  H 

ALTITUDE  FIELD 

1  5 

PLATE 

X  B  -  7  0 

1.22 

27.0QC  FAR 

PMAX 

4.27  2. 

48  4.24 

2.33  4.21  2. 

2 3  4. 

18  2.18  MEAN  3.27 

S.  D. 

1  .45 

PE  FF 

6.81  5. 

90  5.86 

5.05  5.10  4. 

,07  4. 

74  3.66  MEAN  5.15 

S.  D. 

1.91 

DAF 

1.59  2. 

38  1.38 

2.17  1.21  1 . 

,831. 

13  1.68  MEAN  1.67 

S.  D. 

0.44 

element 

TYPE 

CONTRACTOR 

MACH 

ALTITUDE  FIELD 

1  5 

PLATE 

B -  58 

1  22 

2 /  ,  0 C u  DATA 

PMAX 

3.  1  1 

PEFF 

5.46 

DAF 

1  .  76 
ELEMENT 

TYPE 

CONTRACTOR 

MACH 

ALTITUDE  FIELD 

1  5 

PLATE 

B  -  5  8 

1  .22 

27,000  FAR 

PMAX 

3.20  1  . 

8  5  3.1  7 

1.78  3.14  1 . 

,75  j. 

12  1.76  MEAN  2.47 

S.  D. 

1  .06 

PEFF 

6.57  5 . 

6  5  6.2  5 

5.15  5.80  4. 

,62  5. 

13  3. 94  MEAN  5.39 

S  .  D. 

1  .  90 

DAF 

2.05  3. 

03  1.97 

2.89  1.84  2. 

,64  1  . 

65  2.25  MEAN  2.29 

S.  D. 

0.  51 

ELEMENT 

TYPE 

CONTRACTOR 

MACH 

ALTITUDE  FIELD 

1  5 

PLATE 

X B -  70 

1  4  C 

38,700  DATA 

PMAX 

2.54 

PEFF 

3.07 

DAF 

1.21 

ELEMENT 

TYPE 

CONTRACTOR 

MACH 

ALTITUDE  F I r  L  0 

1  5 

PLATE 

X  B  -  7  0 

1.40 

38,700  FAR 

PMAX 

2.41  1  . 

65  2.39 

1.57  2.72  1 

.5  5  2. 

48  1 . 55  MEAN  2.04 

S . 

0.81 

PEFF 

3.5  3  3 . 

04  3 .  30 

2.79  3.23  2 

.67  7  . 

01  2.32  MEAN  3.05 

S.  D. 

1  .  00 

DAF 

1.46  1 . 

84  1 . 38 

3.78  1.20  1 

.72  !  . 

21  1 .82  MEAN  1 .55 

5.  D. 

0.2  7 

ELEMENT 

TYPE 

CONTRACTOR 

MACH 

ALTITUDE  FIELD 

1  5 

Fi.  ATE 

X  B  -  7  0 

1  .86 

48,000  DATA 

PMAX 

1.81 

PEFF 

2.20 

DAF 

1.21 

ELEMENT 

TYPE 

CONTRACTOR 

MACH 

ALTITUDE  FIELD 

1  5 

PLATE 

X  B  -  7  0 

1.86 

48,000  FAR 

PMAX 

1.83  1 . 

39  1.81 

1.30  1.89  1 , 

.26  1. 

88  1 .22  MEAN  1.57 

S  .  D. 

0.58 

PEFF 

2  .  S  9  2  . 

4  9  2.7  0 

2.23  2.66  2. 

,  Z  4  ?  . 

48  2.03  MEAN  2.47 

S .  D . 

0.83 

DAF 

1.5"  1  . 

7  9  1.49 

1.75  1.41  i  . 

.77  1  . 

32  1.67  MEAN  1.60 

S  .  D . 

0.18 

ELEMENT 

TYPE 

CONTRACTOR 

MACH 

ALTITUDE  FIELD 

1  5 

PLATE 

F  -  104 

1  .  5 

28,000  DATA 

PMAX 

0.89 

PEFF 

0.71 

DAF 

0.80 

ELEMENT 

TYPE 

CONTRACTOR 

MACH 

ALTITUDE  FIELD 

1  5 

PLATE 

F  -  1  0  4 

1  .  5 

28,00;  FAR 

PMAX 

1.19  1 . 

00  1.17 

0.95  1.15  0, 

.931. 

14  0.94  MEAN  1.06 

S.  D. 

0.35 

PEFF 

1.01  1 . 

17  1.07 

1.17  1.23  1 

.31  1  . 

40  1.47  MEAN  i . 23 

S  .  D. 

0.42 

DAF 

0.85  1 . 

18  0.92 

1.23  1.07  1 

.41  1  . 

23  1.56  MEAN  ’.IS 

S.  D. 

0.24 

w 


B  -  5  5 


I 


P  M  A  A  3  .  ' 

P  E  F  F  2  .  2  K 
DAF  0 .  ' 0 

ELEMENT  Type  CONTRACTOR  MACH  ALTITUDE  FIELD 

16  t-  i. ATE  XB-  70  1  .  22  27,000  FAR 

PM AX  3.65  2.28  3.50  2.10  3.45  1.98  3.85  1.98  MEAN  2.84  S.D.  1.20 

PEFF  3.41  3.37  3.37  3.24  3.31  3.08  3.38  3.05  MEAN  3.28  S.D.  1.04 

DAF  0,96  1.48  0.96  1.54  0.96  1.56  0.88  1.54  MEAN  1.24  S.D.  0.32 

ELEMENT  TYPE  CONTRACTOR  MACH  ALTITUDE  FIELD 

16  PLATE  B - 58  1.22  27,000  DATA 

P M A X  2.84 
PEFF  1 . 36 
DAF  0.48 

ELEMENT  TYPE  CONTRACTOR  MACH  ALTITUDE  FIELD 

16  F  L  A T  E  B -  58  1.2.  27,000  FAR 

PMAX  2.56  1.68  2.52  1.58  2.47  1.54  2.84  1.60  MEAN  2.10  S.D.  0.85 

PEFF  1.65  1.89  1.64  1.8"  1.65  1.76  1.76  1.85  MlAN  1.75  S.D.  0.56 

DAF  0.65  1.13  0.65  1.15  0.67  1.14  0.62  1.16  MEAN  0.90  S.D.  0.27 

ELEMENT  TYPE  CONTRACTOR  MACH  ALTITUDE  FIELD 

16  PLATE  XB-70  1.40  38,700  DATA 

PMAX  2.13 
PEFF  3.52 
DAF  1.65 

ELEMENT  TYPE  CONTRACTOR  MACH  ALTITUDE  FIELD 

16  PLATE  XB-70  1.40  38,700  FAR 

PMAX  2.24  1.54  2.21  1.44  2.19  1.39  2.17  1.38  MEAN  1.32  S.D.  0.70 

PEFF  4.03  3.65  4.12  3.59  3.68  3.04  3.15  2.36  MEAN  3.45  S.D.  1.23 

DAF  1.80  2.38  1.86  2,50  1.68  2.19  1.45  1.71  MEAN  1.95  S.D.  0.37 

ELEMENT  TYPE  CONTRACTOR  MACH  ALTITUDE  FIELD 

16  PLATE  XB-70  1.86  48,000  DATA 

PMAX  1  .  54 
PEFF  2.31 
DAF  1.50 

ELEMENT  TYPE  CONTRACTOR  MACH  ALTITUDE  FIELD 

16  PLATE  X  B- 7 0  1.86  48,000  FAR 

PMAX  1.60  1.31  1.58  1.20  1.64  1.14  1.63  1.09  MEAN  1.40  S.D.  0.50 

PEFF  3 . r  5  3.38  3.72  3.30  3.76  3.30  3.42  2.88  MEAN  3.43  S.D.  1  12 

D..F  2.28  2.59  2.36  2  .  76  2.29  2  .  91  2.1  1  2.65  MEAN  2.49  S.D.  0.27 

ELEMENT  TYPE  CONTRACTOR  MACH  ALTITUDE  FIELD 

16  PLATE  F -  1  04  1.5  28,000  DATA 

PMAX  0.74 
PEt-F  0.19 
DAF  0.25 

ELEMENT  TYPE  CONTRACTOR  MACH  ALTITUDE  FIELD 

16  PLATE  F-104  1.5  28,000  FAR 

PMAX  1.01  0.86  1.00  0.81  0.99  0.79  0.97  0.86  MEAN  0.91  S.D.  0.30 

PEFF  0.36  0.64  0.41  0.68  0.46  0.72  0.53  0.79  MEAN  0.57  S.D.  0.24 

DAF  0.35  0.74  0.41  0.83  0.46  0.91  0.55  0.92  MEAN  0.65  S.D.  0.23 


B-  56 


P  M  A  t 

3 .  6  7 

P  l  F  F 

8 . 8  o 

DAF 

?  4  3 

ME  NT 

TYPE 

CONTRACTOR 

MACH  ALTITUDE  FIELD 

1  7 

PLATE 

XB-  70 

1.22  27,000 

FAR 

PMAX 

2.80  2.02 

2.82 

2.01  2.81  1 

.97  2.88  2.02 

MEAN  2.41 

S  .  C  . 

0.88 

PEFF 

7.47  3.03 

7  .63 

2.76  8.30  2 

.61  6.72  2.52 

MEAN  5.13 

S.  D. 

3. 03 

DAF 

2.67  1.50 

2.71 

1.37  2.96  1 

.33  2.33  1.25 

MEAN  2.01 

S  .  D. 

0.  72 

ELEMENT 

TYPE 

CONTRACTOR 

MACH 

ALTITUDE 

FIELD 

17 

PLATE 

B  -  58 

1  .22 

27,000 

DATA 

PMAX 

2.18 

PE  FF 

7.90 

DAF 

3.62 

ELEMENT 

TYPE 

CONTRACTOR 

MACH 

ALTITUDE 

FIELD 

17 

PLATE 

B  -  58 

1.22 

27,000 

FAR 

PMAX 

2.18  1  . 

40  2.1  7 

1.43  2.17  1 

.41  2. 

16  1.49  MEAN  1 .80 

S.  D. 

0.69 

PE  FF 

6.42  2. 

18  6.82 

2.34  4.70  1 

.90  7  . 

30  1.77  MEAN  4.18 

S.  D. 

2.71 

DAF 

2.95  1  . 

5  5  3.1  4 

1.63  2.17  1 

.34  3. 

38  1.19  MEAN  2.17 

S.  D. 

0.87 

ELEMENT 

TYPE 

CONTRACTOR 

MACH 

ALTITUDE 

FIELD 

1  7 

PLATE 

X  B  -  7  0 

1.40 

38,700 

DATA 

PMAX 

1.91 

PEFF 

3.2  3 

DAF 

1  .69 
ELEMENT 

TYPE 

CONTRACTOR 

MACH 

ALTITUDE 

FIELD 

1  7 

PLATE 

X  B  -  7  0 

1.40 

38,700 

FAR 

PMAX 

2.01  1  . 

18  2.01 

1.19  2.00  1 

.20  2. 

00  1 .23  MEAN  1  .60 

S.  D. 

0.66 

PEFF 

3.39  1  . 

61  4.18 

1.68  3.42  1 

.49  4. 

63  1 .49  MEAN  2.74 

S.  D. 

1  .  56 

DAF 

1.69  1  . 

36  2.09 

1.4!  1.71  1 

.24  2. 

32  1.21  MEAN  1.63 

S.  D. 

0.40 

ELEMENT 

T  v  D  £ 

CONTRACTOR 

MACH 

ALTITUDE 

FIELD 

1  7 

Plate 

XB-  70 

1  .86 

48,000 

DATA 

PMAX 

1  .  54 

PEFF 

3.74 

DAF 

2.43 

ELEMENT 

TYPE 

CONTRACTOR 

MACH 

ALTITUDE 

FIELD 

1  7 

PLATE 

X  B  -  7  0 

1  .86 

48,000 

TAR 

PMAX 

1.59  0. 

83  1.59 

0.86  1 . 59  0 

.  90  1  . 

59  0.92  MEAN  I  .  23 

S.  0. 

0.  54 

PEFF 

5.02  1 . 

72  3.77 

1.37  4.57  1 

.52  3. 

88  1.09  HE 

AN  2.8  7 

S.  D. 

1  .  82 

DAF 

3.16  2  . 

08  2.37 

1.60  2.88  1 

.70  2. 

45  1.19  MEAN  2.18 

S.  D. 

0.67 

El  EMENT 

TYPE 

CONTRACTOR 

MACH 

ALTITUDE 

FIELD 

1  7 

PLATE 

F-l  04 

1  .  5 

28,000 

DATA 

PMAX 

1.15 

PEFF 

1.71 

DAF 

1  .49 
ELEMENT 

TYPE 

CONTRACTOR 

MACH 

ALTITUDE 

FIELD 

1  7 

PLATE 

F-104 

1  .  5 

28,000 

FAR 

PMAX 

1.44  0. 

79  1.46 

0.70  1.45  0 

.76  1  . 

45  0.74  MEAN  1.11 

S.  D. 

0.50 

PEFF 

4.42  1  . 

77  3.15 

1.42  2.20  0 

.84  3. 

76  0.99  MEAN  2.32 

S.  D. 

1  .  50 

DAF 

3.06  2. 

23  2.16 

1.81  1.51  1 

.10  2. 

59  1 . 34  MEAN  1 . 98 

S.  D. 

0.66 

B-  57 


1 8  P  LAT r  XB-70  1.22  27  ,  000  DATA 

PM AX  2.75 
PEFF  1 . 98 

DAF  0.72 

ELEMENT  TYPE  CONTRACTOR  MACH  ALTITUDE  FIELD 

18  PLATE  XB-70  1.22  27,000  FAR 

PMAX  2.42  1.81  2.41  1.76  2.40  1.68  2.39  1.71  MEAN  2.07  S.D.  0.74 

PEFF  3.35  3.02  3.04  2.76  2.28  2.17  2. CO  2.11  MEAN  2.59  S.D.  0.96 

DAF  1.39  1.67  1.26  1.57  0.95  1.29  0.84  1.23  MEAN  1.27  S.D.  0.28 

ELEMENT  TYPE  CONTRACTOR  MACH  ALTITUDE  FIELD 

18  PLATE  B- 58  1.22  27,000  DATA 

PMAX  1 .84 
PEFF  2.26 
DAF  1.23 

ELEMENT  TYPE  CONTRACTOR  MACH  ALTITUDE  FIELD 

18  PLATE  8-58  1.22  27,000  FAR 

PMAX  1.87  1.22  1.86  1.22  1.86  1.20  1.84  1  26  MEAN  1.54  S.D.  0.59 

PEFF  2.67  2.07  2.61  1.96  2.08  1.60  1.91  1 . , 4  MEAN  2.09  S.D.  0.75 

DAF  1.42  1.69  1.40  1.61  1.12  1.34  1.04  1.46  MEAN  1.38  S.D.  0.22 

E1EMENT  TYPE  CONTRACTOR  MACH  ALTITUDE  FI  EL  . 

18  PLATE  XB-70  1,40  38,700  DATA 

PMAX  1 . 69 
r F  FF  1 .33 
DAF  0.83 

ELEMENT  TYPE  CONTRACTOR  MACH  ALTITUDE  FIELD 

18  PLATE  XB-70  1.40  38,700  FAR 

PMAX  1.75  1.04  1.74  1.02  1.74  1.07  1.73  1.16  MEAN  1.41  S.D.  0.57 

PEFF  1.27  1.12  1.28  1.46  1.50  1.76  1.74  1.96  MEAN  1.51  S.D.  0.55 

DAF  0.73  1.08  0.73  1.43  0.86  1.64  1,01  1.69  MEAN  1.15  S.D.  0.39 

ELEMENT  TYPE  CONTRACTOR  MACH  ALTITUDE  FIFLD 

18  PLATE  XB-70  1.86  48,000  DATA 

PMAX  1 . 34 
PEFF  1 . 64 
DAF  1.22 

ELEMENT  TYPE  CONTRACTOR  MACH  ALTITUDE  FIFLD 

18  PLATE  XB-70  1.86  48,000  FAR 

PMAX  1.39  0.78  1.38  0.83  1.38  0.89  1.38  0.93  MEAN  1.12  S.D.  0.45 

PEFF  1.38  1.21  1.27  1.09  1.34  1.3C  1.70  1.67  MEAN  1.37  S.D.  0.48 

DAF  1.00  1.56  0.92  1.33  0.97  1.46  1.23  1.79  MEAN  1.28  S.D.  0.31 

ELEMENT  TYPE  CONTRACTOR  MACH  ALTITUDE  FIELD 

18  PLATE  F-104  1.5  28,000  DATA 

PMAX  0.99 
PEFF  0.55 
DAF  0.56 

ELEMENT  TYPE  CONTRACTOR  MACH  ALTITUDE  FIELD 

18  PLATE  F-104  1.5  28,000  EAR 

PMAX  1.34  0.79  1.37  0.78  1.36  0.73  1.35  0.70  MEAN  1.05  S.D.  0.46 

PEFF  0.92  0.92  0.85  0.84  0.83  0.86  0.82  0.86  MEAN  0.86  S.D.  \27 

DAF  0.68  1.17  0.62  1.08  0.61  1.18  0.61  1.22  MEAN  0.90  S.D.  0.29 


B  -  58 


P  :-i A  X  L 
P  E  F  r  2 
DAF  0 


PM  AX  2 
PEFF  2 
DAF  Q 


DEMENT  TYPE  CONTRACTOR  MACH  ALTITUDE  FIELD 
19  PLATE  XB-7Q  1.22  27,000  FAR 

.23  1.71  2.22  1.63  2.20  1.59  2.20  1.55  MEAN  1.92  S.D. 

06  2.02  2.13  2.02  2.20  2.03  2.16  2.00  MEAN  2.08  S.D. 

.93  1.18  0.96  1.24  1.00  1.27  0.98  1.29  MEAN  1.11  S.D. 


ELEMENT  TYPE 
19  PLATE 
PMAX  1.67 


CONTRACTOR 
B -  58 


MACH 

1  .22 


ALTITUDE 

27,000 


FIELD 

DATA 


PEFF 

DAF 


PMAX 

PEFF 

DAF 


PMAX 

nrrr 

DAF 


1  .  97 
1.18 

ELEMENT  TVPE  CONTRACTOR  MACH  ALTITUDE  FIELD 
19  PLATE  B -  58  1.22  27,000  FAR 

1.72  1.13  1.71  1.12  1.69  1.14  1.69  1.23  MEAN  1.43  S.D, 

1.26  1.31  1.46  1.50  1.67  1.71  1.89  1.91  MEAN  1.59  S.D, 

0.73  1.15  0.86  1.34  0.99  1.50  1.12  1.56  MEAN  1.16  S  D . 


ELEMENT  TYPE  CONTRACTOR  MACH  ALTITUDE  FIELD 


1  9 

1  .47 
1  .01 
0.69 
ELEMENT 
19 


PLATE 


TYPE 

PLATE 


XB-70 


CONTRACTOR 

XB-70 


1.40  38,700 


MACH 
1  .40 


ALTITUDE 
38 , 7  00 


DATA 


FIELD 

FAR 


PMAX  1 . to  I  1.00  1.61  0.96  1.60  1.01  1.60  1.1  3  MEAN  1.32  S.D. 


PEFF  1.22  1.12  1.19  1.08  1.18  1.14  I 
DAF  0.75  1.12  0.74  1.12  0.74  1.12  0 


18  1.31  MEAN  1.18  S.D. 
74  1.16  MEAN  0.94  S.D, 


ELEMENT  type  CONTRACTOR  MArH  ALTITUDE  FIELD 


19 

PMAX  1.24 
PEFF  0. 78 
DAF  0.63 


PLATE 


XB-70 


1.86  13,000 


DATA 


ELEMENT  TYPE  CONTRACTOR  MACH  ALTITUDE  FIELD 


19  PLAT  XB-  70  1.86  48,000  FAR 

PMAX  1.29  0.7  3  1.28  0.81  1.28  0.8?  1.28  0.94  MF AN  1.06  S.D. 

PEFF  0.67  0.71  0.78  0.65  0.59  0.56  0.54  0.52  MEAN  0.63  S.D. 

DAF  0.52  0.97  0.61  0.80  0.46  0.65  0.42  0.55  MEAN  0.62  S.D. 


1.86  48,000 


B  -  5  9 


0.68 

0.66 

0.15 


0.54 

0.56 

0.30 


0.5  2 
0.38 


0.41 

0.22 

0.18 
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This  study  investigates  the  difference  between  near-field  and 
far-field  sonic  boom  intensities.  To  do  so  it  defines  a  new 
intensity  standard,  effective  static  load  which  depends  on  load 
waveform  as  well  as  magnitude.  Many  sonic  boom  loading  wave¬ 
forms  are  computed  for  19  structural  elements,  of  various  types, 
produced  by  two  SST  designs  as  well  as  F-104,  C-58  and  XB-70 
aircraft.  It  is  concluded  that  n e a r - f i e 1 d  booms  are  less  intense 
than  far-fiel  '  booms,  the  magnitude  of  the  difference  depending 
on  ‘he  character  of  the  waveform.  The  more  the  waveform  is 
distorted  from  a  symetrical  far-field  (N-wave)  waveshape,  the 
lower  the  near-field  intensity.  It  is  recommended  that  further 
theoretical  study  be  made  in  order  to  quantify  results  and 
isolate  the  influence  of  specific  parameters  on  boom  intensity. 
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